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Uonorabl. Ireedan T. Byrne
Governor of New Jersey 4 MAY 1979
Trenton , NJ 06621

D ear Governor Byrne :

Iaclosed is the Phase I Inspection Report for Furnace Brook V.8. Dam No. 2 in
Warren Csunty , Rev J.re.y which has been prepared under authorisation of
the Den Inspection Act , Public I .,  ~2—367 . A brief assessment of
the darn ’s condition is given in the front of the report .

Based on visual inspection , available records , calculations and past
f operational p.rfor.ence, Furnace Brook V.8. Dam No • 2 a high hazard

potential structure, ii judged to be in fair overall condition end
the spilivay is conaid.red adequate . To insure adequacy of th. structure ,
the folloviig actions as a mini~~~ , ar e rec~~~anded :

a. Within six months fran the date of approval of this report , the
follovieg ramedial actions should be cospl.ted :

(1) Place riprap prot.ctioa at the left portion of the d along
Backley Aveama end if a.ceseary , at the sides of the aeni liar y spilivay.

(2) Repair erosion on the downstream slops and along the spillulsy
discharge ch~~~el.

(3) Gusplat ely ping ~~4 sl b..i~~~ in the downstream face f the d
and provide protection against future eninsi bwwii$ into cbs ~~~~~~~~~

(4) Provide a par. -t unl~ .ny t run the onb~ ’~~~.t to th. top of
the principal spiliuny riser to permit access to the epillursy gat. operators.

(3) L a z a vs.d l.dged ia the .lvic. gat. on tbe left side of the
epilluny.

b. Vithia . year ft.. the date .f approval .f this rspsrt , the
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£
Honorable Ireadan T. Byrne

following remedial actions should be cospleted :

(1) Sags and ruts in the roadway along the crest of the dan should
be suitably backfilled and adequ ate road surface material provi4.d at the
top of the dan.

(2) Repair erosion and remov, the boulder at the epilivay discharge
fapact bas in .

A copy of the report ii being furni shed to Mr. Dirt C. lof n , Hew
Jers ey Department of Neviruenan tal Protection , the d.signated State
Offi ce contact for this pro gren . Within five days of the date .f this
letter , a copy will also be sent to Co.$rss..sn T~~~s J. Cour ter of
the Thirteenth District . Under th, provision of the :: ~~~ of
Infor mation Act, the inspection report will be subject to release
by this , opon reques t , five daye af ter the dat. of this
letter.

Additional espies of this report nay be obtained f ron the Batisusi
Teeheical Information services (NTIS) , Springfield , Virginia 22l~lat a reasonable cost • Please all.., four to six vests ft.. the date of
this letter for NTIS to hay, copies of the report aveiloble.

An important aspect of the ~~~ Safety Pragr will be th. iepl. tatiom
of the reci—-flpti.ns de as a result of the taspection. Ho acesrdiagly
raquast that ve be advised .f preposed actions taken by the State to
ieplems.t our recr—-*’atiorss.

Sincerely ,

1 tea l 
(‘li t

As stated Colonel, Corps of Heginesre
ru District Heginser

Cipies furnished: ACCtSSICN for 
•

Dirt C. Ret , P.R., Deputy Dirsetor NT %S ~ e S ~C

Division of Water L reu ODC ~~ I

I. J. Dept. •f Wa,irs~~~~tal Prot ectias
P. 0. len cNO2~Trenton, P2 05623 -~~~ 

J~~~ 0’l~~~, Astiag ~~~af ~Bureau of Vised Pleda N s.t - 
. 
— -

• Ifuisi.. of Hot $•~~_
• I. 3. Rape. of ~~~tv. -eal Psutactias • 
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PURSAC! hOOt U.S. DAM 10. 2 (11300137)

CORPS OP ENGINEERS ASSESSMENT 0? GENERAL CONDITIONS

This dan was inspecte ( on 14 December 1978 and 10 January 1919 by Langan
Engineering Associates , Inc • under contract to the State of Hew Jersey .
The state , under agreement with the U.S. Army Engineer District , Phila-
delphia , had this inspection perfor med in accordance with the Wati onal
Dam Inspecti on Act , P.L. 92—367 .

Furnace Brook U.S • Dam No • 2 a high hasard potential structure , is judged
to be in fair overall condition and the spillway is considered adequate .
To insure adequa cy of the structure , the following actions , as a minimum,
are recomeended :

a. Within six months fro. th . date of approva l of this report , the
following remedial actions should be coupleted :

(1) Place riprap protection at the left portio n of the dam along
Buckley Avenue and if necessa ry , at the sides of the auxiUsry apilivay.

(2) Repair erosion on the dowastrean slope and along the spillway
discharge channel.

(3) Coepletely plug animal borrows in the downstream face of the dam
and provide protection against futore animal burrowing into the .nbaahesnt.

(4) Provide a permanent walkway fren the ~~~ank.ent to the top of
the principal spillusy riser to permit access to the spiliway gate opera tors .

(5) Remove wood lodged i~ the sluice gate on the left side of the
spillwey.

b. Vithf~~oss ysar fron the date of eppToval of thi5 rePOrt, the
following remedial actions should be cenplet.d :

(1) Sage and ruts in the roadway along the crest of the dam should
be suitably backfilled and adequate road surface material provided at the
top of the dan.

(2) Repair erosion and rasor s the boulder at the spiliway discharge
ispact basin .

(‘ AAflRS C.
- $ “ Colonel, of Hegiseers

District Engineer

- -
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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

NAME OF DAM: FURNACE BROOK W.S. DAM #2

ID NUMBER: FED ID No N300137

STATE LOCATED: NEW JERSEY

COUNTY LOCATED: WARREN

STREAM: FURNACE BROOK TRIBUTARY TO

RIVER BASIN: DELAWARE

DATE OF INSPECTION: DECEMBER 1978

ASSESSMENT OF GENERAL CONDITIONS

Furnace Brook W.S. Dam #2 is 8 years old and in fair overall conditions.
There are animal burrows in the downstream slope. Riprap has deteriorated or
was not placed during construction in the areas of the auxiliary spiliway side
slopes and at the left portion of the dam along Buckley Avenue. The crest of
the dam has vehicular ruts and sag ponds. The dam can adequately pass the
PMF.

We recommend riprap protection be placed at the left portion of the dam
along Buckley Avenue and if necessary, at the sides of the auxiliary spillway.

-5  This should be done soon. The erosion on the downstream slope and along the
spillway discharge channel should be repaired. This should be done soon.
Animal - burrows In - the downstream face of the dam should be completely
plugged and protection provided against future animal burrowing into the
embankment. This should be done soon. A permanent walkway from em-
bankment , to top of the principal spiliway riser should be provided to permit
access to spiliway gate operators. This should be done soon. Wc~od lodged In the
sluice gate on the left side of the spiliway should be removed. This should be
done soon. Sags and ruts in the roadway along the crest of the dam should be
suitably backfilled and adequate road surface material provided at the top of
the dam. This should be done In the near future. The erosion should be repaired
and the boulder at the spillway discharge Impact basin should be removed. This
should be done In the future.

$
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PHASE I INSPECTION REPORT

NATIONAL DAM SAFETY PROGRAM

NAME OF DAM: FURNACE BROOK W.S. DAM #2

ID NUMBER: FED ID No N300137

STATE LOCATED: NEW JERSEY

COUNTY LOCATED: WARREN

STREAM: FURNACE BROOK TRIBUTARY TO

RIVER BASIN: DELAWAR E

DATE OF INSPECTION: DECEMBER 1978

LANGAN ENGINEERING ASSOCIATES, INC.
consultin g Civil Engineers
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PREFACE

This report is prepared under guidance contained in the Recommended
Guidelines for Safety Inspection of Dams, for Phase I Investigations. Copies of
these guidelines may be obtained from the Office of Chief of Engineers,
Washington, D.C. 20314. The purpose of a Phase I Investigation is to identify
expeditiously those dams which may pose hazards to human life or property. The
assessment of the general condition of the dam is based upon available data and
visual inspections. Detailed investigation, and analyses involving topographic
mapping, subsurface investigations, testing, and detailed computational evaluations
are beyond the scope of a Phase I investigation; however, the investigation is
intended to identify any need for such studies.

In reviewing this report, it should be realized that the reported condition of
the dam is based on observations of field conditions at the time of inspection along
with data available to the inspection team. It is important to note that the
condition of a dam depends on numerous and constantly changing internal and
external conditions, and is evolutionary in nature. It would be incorrect to assume
that the present condition of the dam will continue to represent the condition of
the dam at some point in the future. Only through continued care and inspection
can there be any chance that unsafe conditions be detected.

Phase I inspections are not intended to provide detailed hydrologic and
hydraulic analyses. In accordance with the established Guidelines, the Spillway
Test flood is based on the estimated “Probable Maximum Flood” for the region
(greatest reasonably possible storm runoff), or fractions thereof. The test’ flood
provides a measure of relative splllway capacity and serves as an aide in

—. determining the need for more detailed hydrologic and hydraulic studies,
considering the size of the dam, its general condition and the downstream damage
potential.

I
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SECTION 1 PROJECT INFORMATION

1.1 Genera!

Authority to perform the Phase I Safety Inspection of Furnace Brook W.S.
Dam #2 was received from the State of New Jersey, Department of
Environmental Protection, Division of Water Resources by Letter dated 20
November 1978. This Authority was given pursuant to the National Dam
Inspection Act, Piblic Law 92-367 and by agreement between the State and the
US Army Engineers District, Philadelphia.

The purpose of the Phase I Investigation is to develop an assessment of the
general conditions with respect to safety of Furnace Brook W.S. Dam #2 and
appurtenances based upon available data and visual inspection, and, determine
any need for emergency measures and conclude if additional studies,
investigations and analyses are necessary and warranted~ The assessment is
made using screening criteria established in Recommended Guidelines for
Safety Inspection of Dams prepared by the Department of Army, Office of the
Chief of Engineers. It is not the purpose of the inspection report to imply that
a dam meeting or failing to meet the screening criteria, Is per Se, cert.unly ade-
quate or inadequate.

1.2 Project Description

Furnace Brook W.S. Dam #2 is an 8 year old, 55-ft high, 1680-ft long
earthfill dam. It has 3 hor to I vert upstream and downstream slopes. The
upstream slope is riprapped and the downstream slope is grassed. There is a one
to eighteen foot deep cutoff trench along the centerline of the dam and a
vertical sand drain below the downstream slope. The dam has a principle
spiliway at its center and an auxiliary spiliway at the right abutment. The
principle splllway is a drop inlet structure consisting of a two stage reinforced
concrete upstream riser, a 30-In-die RC water pipe under the dam, and a RC
Impact basin at the downstream toe. There are three partially screened relief
wells and two observation wells in the area of the Impact basin. The auxiliary
spiliway is a 500-ft-wide grassed open channel. It has a negatively sloped
entrance, a 50-ft-level reach, a control section, and a positively sloped outlet.

The dam is located In Warren County, New Jersey approxImates, one mile
upstream from O~ ord on Furnace Brook. It is at north latItude 40 47.9’ and
west longItude 75 0.8’. A regIonal vicinity map Is given in Fig 1 and essential
features of the dam are given In FIg 2.

Furnace Brook W.S. Dam #2 Is classified as being “Intermediate” on the
basis of its maximum reservoir storage volume of 1440 ac-ft which is less than
50,000 ac-it, but more than 1000 ac-ft. It Is classified as “Intermediate” on the
basis of Its total height of 55 ft which Is more than 40 feet, but less than 100
‘eet. The dam is therefore, classified as “Intermediate” In size.

—1 —
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In the National Inventory of Dams, Furnace Brook W.S. #2 has been
classified as having “High Hazard Potential” on the basis that failure of the dam
would cause excessive property damage to residences downstream, and could
potentially cause more than a few deaths. Visual inspection of the downstream
area shows that breach of the dam could cause damage to residences and be
hazardous to people utilizing Buckley Road. Accordingly, It is proposed not to
change the Hazard Classification Potential.

S 
The dam is owned by Oxford Township, Warren County, New Jersey.

The purposes of the dam are f lood control and recreation.

The dam was designed by the U.S. Department of Agriculture, Soil
Conservation Service, 1370 Hamilton Street, P.O. Box 219, Somerset, New
Jersey 00873. The principal designer is Mr. C.3. Montana.

1.3 Pertinent Data

a. Drainage Area is 2.87 sq mi

Normal water surface area is 53 acres

b. Discharge at Dam Site

Maximum known f lood at dam sites Unknown

Principal spillway capacity at f lood
pool elevation: 137 cfs

Principal spillway capacity at
maximum pool elevation: Approx. 140 cfs

Auxiliary spilway capacity at
maximum pool elevation: Approx 14,360 cfs

Total spillway capacity at •• maximum pool elevation: Approx 14,500 cfs

c. Elevation (ft above MSL)

Top Dam: El. 591.60 (low point)
El. 593.0 (center of embankment)

Design high water: El. 588.60

Full flood control pool: El. 586.9

Recreation poob El. 579.00

Spillway crest: Principal @ El. 581.16, AuxIliary
Q El. 586.9
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Streambed at centerline of dam: DIS @ El. 538, U/S El. 543.5

Maximum tailwater: Approx. 538.5 at time of inspection

d. Reservoir

Length of maximum pool: 3200 ft

Length of recreation pool: 2550 ft

Length of flood control pool: 3000 It

e. Storage (acre-feet)

Recreation pool: 640 AF

Flood control pool: 1120 AF

Design high water : 1240 AF

Top of dam: 1440 AF

f. Reservoir Surface (acres)

Top dam: 75.5 Ac.

Design high water pool: 72.0 Ac.

Flood-control pool: 68 Ac.

Recreation pooh 53 Ac.

Auxiliary spillway crest: 68 Ac.
- 

~~
— g. Dam

Type - Earthf ill

Length: 1680 ft

Height: 55 ft (Maximum)

Top wldth: l8 ft ±
Side slopes: U/S and D/S 3 hors 1 vert

Zoning: None observed

-3-
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Impervious core: None observed

Cutoff: Cutoff trench along centerline

Grout Curtain: None observed

h. Spiliway

Type: Drop Inlet consisting of two stage riser

Length of weir: 15 ft effective

Crest elevation: El. 581.16

Invert of low stage orifice: El. 578.91

Gates: None observed

U/S channel: None observed

D/S channei None observed
Auxiliary Spillway

Type: Grassed open channel with a negatively
sloped entrance, a 50-ft level reached
a positively sloped outlet.

Length of reach: 500 feet

Crest elevation: El. 586.9

j. Regulating Outlets l8-in-dia gate opening at base of dam
and drop inlet splllway leading to 30-in-dia

L RC pipe. Gate operator and spillway
located at approximately middle of dam
and upstream slope.

SECTION 2 ENGINEERING DATA

2.1 Design

I 

Furnace Brook W.S. Dam #2 was designed as a multI-purpose dam by the
U.S. Department of Agriculture Soil Conservation Service between 196$ and
1970. AvaIlable documents include a relatively comprehensive record of the
results of field and laboratory investigations, design calculations, and
conclusions. A summary of the EngineerIng Data Is given In AppendIx 1.

2.2 ConstructIon

The dam was constructed by K.P. & B. Construction Company of
Belvidere, N.J. between September 1970 and December 1971. Our review of the con-
struction records Indicate Phe principal dam designer visited the work about once a
month, problems encountet’ed during construction were resolved, and Mr. Robert
L. Hardman, acting Chief Engineer, N.J. DEP Div. of Water Resources,
certified the darn was built according to plans and specifications.

- • -4-~~ - S . - -
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2.3 2~~~j °!~
Operation of the dam is the responsibility of the Township of Oxford, New

Jersey under agreement with the Soil Conservation Service. A copy of this
agreement is included In Appendix 1.

2.4 Evaluation

The availability, adequacy and validity of the information concerning the
design and construction of the dam are satisfactory.

SECTION 3 VISUAL INSPECTION

Our visual inspection of Furnace Brook W.S. Dam #2 was made in the
company of Messrs. L. Holt, D. Smart, and B. Irwin of the Soil Conservation
Service and Mr. Coppersmith of C. Douglas Cherry & Assoc., Engineers for the
Township of Oxford.

There is no riprap on the side slopes of the auxiliary spillway. Rutting and
sag ponds have occurred along the crest of the dam. Riprap has deteriorated or
was not completed along the left upstream portion of the dam along Buckley
Avenue. There are animal burrow holes in the downstream slope and drainage
ruts along the downstream toe of the dam. There is approx. 1.5 ft deep erosion
and a large boulder against the left side of the concrete of the impact basin.
Access of the top of the spillway riser is by way of a wooden plank from the
embankment. There is a piece of wood in the gate at the left side of the
spillway. The slopes of the spillway discharge channel has eroded 1 to 2 ft at
two locations.

SECTION 4 OPERATIONAL PROCEDURES

Operational procedures have been established by the Soil Conservation
Service and the Township of Oxford Is responsible for following these
procedures. The operation and maintenance agreement between the SCS and
the Township is given in Appendix 1.

-
- SECTION 5 HYDRAULICS/HYDROLOGIC

Based on a review on the hydrologic design data supplied by the U.S.
Department of Agriculture, Soil Conservation Service, the dam has been
desIgned in accordance with present day criteria and Is considered satisfactory.

C -5-
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The dam has been designed on the basis of a PMF Detention from the

freeboard hydrograph rainfall from National Engineering Handbook, Section 4,
ES 1020 Sh. 5 of 5. This flood is equivalent to 25.3 inches of rainfall and has a
peak inf low of 15888 cfs.

The total capacity of the spillway at maximum pool is 14,500 cfs which is
slightly less than SDF.

Flood routing for the PMF (done by the SCS) indicates thç dam will not
overtop. The dam can adequately pass the PMF with a routed peak outflow of
14363 cfs.

Design drawdown calculations showed that more than 80% of the flood
storage can be removed within 10 days. Our calculations indicate the lake level
c~u ’-d be lowered 19 ft from normal pool in approximately 9 days.

SECTION 6 STRUCTURAL STABILITY

Based upon our visual observations and review of the design and
construction data, it is our opinion Furnace Brook W.S. Dam #2 is structurally
stable under static loading. Calculated minimum factors of safety of upstream
slope under drawdown condition and of downstream slope under steady seepage
condition are reported to be 1.44 and 1.83 respectively. These analyses were
made using the Swedish circle method and the results are considered
conservative.

There are no available operating records. Past construction changes
consisted of repairs to correct elongation of the 30-in-dia principal spiliway
pipe below the dam, and, repair of erosion of the toe of the eastern

S embankment and improvements of the gutter on the downstream slope of the dam.

Furnace Brook W.S. Dam #2 is located in Seismic Zone I of the Seismic
Zone Map of Contiguous States. The degree of stability of the dam and
appurtenances are assumed to be within conventional safety margins and to
present no hazard from earthquakes. If, however, the Seismic Zone rating is
seriously Increased in the future, or data becomes available to indicate it may• be Increased, further study with respect to seismic stability may be necessary.

SECTION 7 ASSESSMENT, RECOMMENDATION/REMEDIAL MEASURES

7.1 Assessment

Furnace brook W.S. Dam#2 Is 8 years old and In fair overall condition.
* There are animal burrows in the downstream slope. Riprap has deteriorated or was

not placed during construction in the areas of the auxiliary splllway side slopes
and at the left portion of the dam along Buckley Avenue. The crest of the dam

& ( has vehIcular ruts and sag ponds. The dam can adequately pass the PMF.

-6-
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7.2 Recommendations/Remedial Measures

We recommend the following remedial measures:

1. Place riprap protection at the left portion of the dam along Buckley
Avenue and if necessary, at the sides of the auxiliary spilway. This
should be done soon.

• 

- 

2. Repair erosion on downstream slope and along spiliway discharge channel.
This should be done soon. - -

3. Completely plug animal burrows in the downstream face of the dam and
provide protection against future animal burrowing into the embankment.
This should be done soon.

4. Provide a permanent walkway from embankment to top of principal
spillway riser to permit access to spillway gate operators This should be
done soon.

5. Remove wood lodged in sluice gate on left side of spillway. This should be
done soon.

6. Sags and ruts in the roadway along the crest of the dam should be suitably
backfiled and adequate road surface material provided at the top of the
dam. This should be done in the near future.

7. Repair erosion and remove boulder at the spillway discharge impact basin.
This should be done in the future.
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3. LOGS OF DRILL HOLES AND TEST PITS, 18 pages

4. DETAILED GEOLOGIC INVESTIGATION OF
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D~5IGN REPORT

NJ- 08-2013-2

li ultip le Purpose Dam No. 2
Furnace Brook Watershed

Warren County
New Jersey

location:

This multiple purpose dam of the Furnace Brook Watershed Project is
located in Warren County approximately one mile upstream from Oxford
on Furnace Brook. The site has a drainage a rea of 2.87 squa re miles
and controls 61.4 percen t of the drainage a rea contributing to the
damage reach In Oxford.

Hydrology, Work Plan Sta:~~~

No principal sp lllway routings were made throu9h Furnace Brook Site
2 in the p lanning stage.

The 100-yea r 6, 24, 1i8, 72 and 96 hour duration hydrograp hs were routed
through the now deleted Site 1 wh i ch was approx imately 2600 feet down-
stream from the present site. The routings were performed by use of
So i l Conservation Service Technica l Release 20, Computer Program for

4 Project Formulat ion. The hig hest elevation obtained from the above
five routings was then establ ished as the emergency spi li way crest for
Site~1. This elevation , 554.8 feet , and the associated flood storage ,
635 ~cre feet , was obtained from the 100-year L,8 hr. storm.

To d termine the flood storage requ i red in Site 2 a rat io of Its drainage
area, 2.87 sq. miles , to that of SIte 1 , 3.74 sq. miles , was multi p l ied
by the storage requ i red in Site 1 to g ive 1.87 acre ft. This resulted in
an emergency sp iliway crest elevation of 586.9 ft.

The emergency sp iliway and freeboard designs were determined from hyd ro-
graphs produced by rainfa lls taken f rom hyd rologic maps based on U.S.
Weather Bureau Techn ica l Paper No. 40. The SCS Techn ica l Release 35 was
used for routing these storms through Site 2.

P Hydrology . Design- S~t~qg:

The firs t routings made were those in accordance with the Soil Conserva- -

tion Service Nationa l Enginee ring Handbook, Section 4, Chapter 21 . Design
Hydrographs . The resulting emergency sp iliway crest elevation of 587.99

-
- feet is app rox imately 1.0 foot hi gher than that established In the work

plan.

In accordance with Eng ine ering Memorandum No. 67, the p rocedure used In

C the p lanning stag. was then followed .
S REFE R E NC E : U .S.DEPAR TNE-W T OF ASRICULTURE DRAWI N G NO. 
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( Therefore , following the procedure used In the work plan , the 100-year
frequency 6, 24, 1.8 and 72 hour duration storms were routed throug h
Site 2. The curve number and time of concentration used were those
established for Site 2. The inches of rainfall associated wi th each
sto rm checked exactly with those used in the planning stage when routing
through Site 1. Again the 100-yea r 48 hour storm gave the maximum
required flood storage , 400 acre feet. This Is 87 acre feet less than
that established in the p lanning stage.

Since current criteria requires that more storage be prov ided than that
established in the work plan, it was felt adv i sable to provid e at least
the storage requ i red in the work p lan rather than reduce it by 87 acre
feet. The emergency sp illway crest elevation was therefore set at 586.9
feet.

The drawdown calculation showed that more than 80% of the flood storage
will be removed wIthin 10 days . Therefore , the emergency and freeboard
hydrograp hs we re route~I f rom the no rma l pool ~levat1on of 579.0. The
elevations obtained wel e in close agreement with those established in the
work .plan. -
A ll routings were performed by the Automatic Data Processing Section In
Upper Darby, Pennsylvania , in accordance with TSC-Technica l Note-MGT-UD3 .

Hydraulics: -

The principa l splllway is a drop inleb~ structure consisting of a two
stage reinfo rced concrete riser , 30 inch diameter reinforced concrete
water pipe , and reinforced concrete Impact basin. The riser is of a
standard des ign developed by the Agricultura l Research Service at the
Sain t Anthony Falls Hydrauli c Laboratory, Minneapolis , M inn esota. The
impact basin Is also of a standard design adapted from tha t developed
by the Bureau of Reclamat ion , U.S. Department of Interior . ‘This type
of energy d issi pator func t ions almo st in dependen t ly of ta i l  wate r
el evation .

The aux iliary spiIIway Is an open channel excavated in the ri ght (South)
abutment. It consists of a negatively sloped entrance, a leve l reach
of 50,feet, a contro l section , an~ a positively sloped outlet. The
bot tom wid th i~ 500 feet. The dike being bui l t alon g Its north side
will be ripra ped.

Subsurface Investigation:

The subsurface Investigation was conducted by the staff geolog ist of
the Soil Conservation Serv i ce in coordination with the design eng ineer.
Test pits and dri ll holes were used In the Investi gation. Laboratory

REFERENCE: U.$.D EPARTN ENT OF AG R ICULTURE DRAW ING 
2SOIL CONSERVATION SERV ICE  143-08-2013-

I
DATE
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tests were conducted and the test report prepared by the Soil Mechanics
Laboratory of the Soil Conservation Service in Lincoln , Nebra ska. For
a deta i led report of the site investi gation , interpretations , conclusions ,
and labora tory results see the section headed Geology and So i l s .

Embankment:

The earth fill embankmen t consists of material classified as CL-MI. The
side slopes shall be 3:1 both upstream and down with a ripraped berm on
the upstream side. The downstream face shall be covered with rock
obtained from on site material. A vertica l embankment drain will be
constructed to provide for drainage In the embankment . Relief wells
are being p laced at the downstream toe to reliev e excess pressure .

- 
PREPARED BY: 

~~~.

Ca rmelo J. Montana
Des i gn ; Eng ineer

CONCURRED BY:
___________________

Kenneth S. We rkman
State ConservationI. - Engineer
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DESIGN REPORT SUMMARY

• I Wotershed Doto
S - A-. Structure d oss — — 

C ‘

- B. Droinoge Area 1837 Ac
- C. Time of Concentration  1.2 Hrs.

- - - - 

- D: Hydrologic Curve Number - C~- - 
5 • 5 ~~• Moisture Condition ~ 

69

U Principal Spil iwoy
— 

- - A. Conduit - 

- 

- - 
- 

- -
S  

-

I Inside D.o 30 In
2 Length  232 Ft

- - - 
-
.- . . - 

-B ~ Riser  - 
-

- I Inside Dimens iOns 2.5 x 7.5 Ft
2 He ight I Floor to Crest ) 39 25 Ft

- .  - 
- 

- - C Weir Length ~~~ 15.0 Ft.
0 Orifice Dimensions 1 5 x 2.92 In
E. Reservoir Drain Size - .  18- - In.
F Type of Energy D issipater Impact Basin

— ~~ Emergency Spiltwoy 4
A Width 500 Ft
B Side Slopes 3 1 , 3 1
C. Length of Level Section 50 Ft

~
- 0 Exit Slope .033 — 

Fl/F,
_

~~

_ E Max Velocity in Exit Sectio n @ O H  W 5 3  Ft,5,~ —

I F Duration of Flow thru Emer Spill woy ~~ 0 H W 5 M rs
G Frequency of Use n p ~~~~~yj 99 ye~ r~ 

~~~ Earth Fill
A Height 53.0 Ft

~~ B Volume 193.800 C Y
C Compaction . A  — 7

t
~ S_I- — -

-

-• • S•• —
I-.. I ,  -

—. ( I ~ -I C
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UNITE D STATES DEPARTMENT OF AGRICULTURE
SOIL CONSERVATION SERVICE - Soil Mechanics I~bozntory
800 “J” Street, Lincoln, Nebraska 68508

- 
SUBJ ECT : ~ IG 22-5, New Jersey WP-08, Furnace Brook DATE December 19, 1969

Site No. 2 (Warren County)

10 K. S. Werhsan, State Conservation ~~gineer
SOS, Somerset, New Jersey 08873

ATTACHMENTS

1. Fox~n BCS-354, Boll Mechanics laboratory Data, 2 sheets.
2. Form Scs-].28, Consolidation Test Data, 1 sheet.
3. Form 805-127, Soil PermeabilIty, 2 sheets.

— 1~. Form SCS-355A & B, Triaxia]. Shear Test Data, 2 sheets. —

5. Form 805-352, Compaction and Penetration Resistance, 2 sheets.
6. Form 605-523, Foundation Permeability - Simmary of Field Test Data, 6 sheets.
7. Form SCS-357, S~mnnary - Slope Stability Analysis, 2 sheets.

Form 808-130, Drain Materials, 1 sheet.

DISCUSSION

F0tfl~~TI0N

A. Bedrock. The bedrock at this site is granitoid gneiss. It was en-
~~untered on the left abubsent at a depth of 36.5 feet in DK-2 and
at a depth of 28 feet in DH-1. It was not encountered on any of the
other borings on the site and the test holes penetrated to depths of
about 75 feet in the bottom of the valley and to depths of about 72
feet on the right abubuent.

B. Soil Classification. The only samples submitted from the fOundation
were obtained from the 2 to 11—fbot depth, and they represent the surface
glacial till and the alluviiri. The samples submitted conta ined from 20
to 55 percent fines. Atterberg limit tests were not made on these
samples, but based on the Atterberg limits of the borrow samples, it
appears tlzt the samples submitted from the drain line will fall within

• 
- - the ~( and ML classification.

The foundation materials at this site are described in the geology report,
and the stmtigraphy is very well outlined on the profiles and geologic
section of Form SCS-316C.

The foundation materials as outlined consist of glacial till, lacustrine
sediments, interglacial fluvial materials, and older glacial till over-
lying bedrock. ~~~ terial at the sur face is essential glacial till
and alluv-iin although the interglacial sandy material ii exposed in
some areas. The interglacial alluvi~~ occurs in the old channel sections

I
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K. S. Werkman 2( Subj : E~J 22-5, New Jersey WP-08, Furnace Brook, Site No. 2

both above and below the ]acustrine deposit. The old channel sections
are irregular and meander through the foundation. The location of the
interglacial channel sections is veil outlined in the investigationalreport.

Foundation samples were not submitted for shear strength and consoli-
dation testing. The investigational data show high blow counts in most
materials.

C. Permeability. A number of field permeability tests were made and the
data are recorded in the geology report. These data are summarized by
soil material on the attached Forms 805-523.

B4BAMO(ENT

A. Soil Classification. Two samples were submitted to represent the
embankment ma terial. These samples represent glacial till. They
contain about 10 percent gravel and slightly over 50 percent fines.
One of the samples has an IL of 27 and a P1 of 7. It is classed as
CL-ML. The other sample has an 11L of 3]. and a P1 of U, and it is
classed as CL.

B. Compacted Density. Standard Proctor compaction tests were made on the( minus No. i& fraction of each of the samples. The maximum dry density
obtained was 117.5 pci on 70W6~~ and 118.0 pci on 70w690.

C. Shear Strength. The two samples are quite similar, so a consolidated
undrained triazial shear test was made on Sample 70W669 to representthese materials. The test was made at 95 percent of standard Proctor
density, and the test specimens were back pressured to obtain saturation.
Pore pressure was measured during the undrained shear test. The totalstress shear strength parameters obtained are 0 = 20’, c 425 pit; and
the effective stress shear strength parameters are — 30.5 ’, ~ = 300 pit.

D. Consolidation. A consolidation test was made on Sample 70W689. Thetest specimen was compacted to 95 percent of Proctor density by knead-
ing compaction. The data obtained are shown on the attached Form SCS-128.The data indicate thet this material will consolidate about 0.05 ft/ft
at the base of the embRnb~n,nt .

B. ~~~~~~~ lit . A permeability test was made on Sample 70W6&) at 95 per-cent of standard Proctor density. The test was made in an 8-inch
diameter per meameter und er loads of 5C0 pit and 2,000 paf. The permea- —bu tt7 rate measured wa s 0.003 fpd under both loads. The data are shownon the attached FOrm 808-127.

In addition to the permeability test outlined above, permeability
measurements were made on the consolidation test specimen under loads
of 2,000 pit, ~i,a~o pst, 8,00o pit, and 16,000 psf. The rates obtained
are shown on the attached Form 808-127, sheet 2 of 2.
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SLOPE STABILITY

A stability analysis was made with a Swedish circle method of analysis.
The foundation materials have high blow counts, and they are described as
dense . No samples of the foundation were submitted for testing, however,
and for this analysis it was considered to be sufficiently strong so that
the trial failure arc s were limited to the embankment. The analysis for
the upstream slope considered drawdown from emer gency spiliway elevation ,
and the analysis for the downstream slope considered the steady seepage
condition with a phreatic line from emergency spill’way elevation to a
drain at the c/b = 0.6 point .

With the shear strength values of 0 20’, c = 1125 pit representing the
embankment material, the factor of safety for the upstream slope was 1.44
and the factor of safety for the downstream slope was 1.83.

CONCUJSIONS AND RIX OMMENDATIONS

The following recommendations concerning cutoff and drainage are a result
of discussion between representati ves from the E&WP Unit, the State Design
Engineer, and myself at the E&WP Unit office on December 9, 1969.

A. Cutoff. We concur with the cutoff trench depths suggested by the State
( Design Engineer, as shown on Form SCS-3].6E of the investigation report.

At the depths proposed the trench will bottom in either glacial till or
in lacustrine material. When the trench is opened in the left abuiment
it will be necessary to determine whether the boulders encountered in
the till during the site investigation occur in pockets or in lenses.
If they occur in lenses, it may be necessary to extend the cutoff.

A trench width of U - ci, as planned, should be sufficient; and ba sed upon
the gradation of the alluvial samples submitted, it does not appear that
a transition zone will be required between the glacial till trench back-
fill and the alluvium. This will require more evaluation at the time
the trench Is opened, however, to make certain that the trench backfill
vii]. not pipe into coarBe-gra ined alluvium it it exists.

The till, represented by the borrow samples is suitable for trench
backfill, and we recommend that it be placed at a minimum of 95 percent
of Proctor density with the control based on the minus No. 4 traction.
A placement moisture content slightly wet of optimum is suggested.

B. ~~~~~~~~~~~~~~~~ The following measures are recoumended to control seepage:

3 Install a foundation trench drain at about c/b - 0.6 to provide a
safe outlet for foundation and embankment seepage. We suggest
that the trench penetrate the foundation a minimum of 5 or 6 feet.
If more permeable zones occur below the 5 or 6-foot depth in the
alluvium, we suggest that the trench be deepended to outlet these
zones. This may also be necessary on the abuiments if the inter-
glacial fiuvial materials are encountered in the dra in trench.
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We concur with the proposal to carry the foundation dra in up
the abutment s to normal pool elevation.

The range in gradation of the foundation materials is quite wide,
and there is a good possibility that a wider range occurs than
shown on the attached Form SCS-130; therefore, we suggest that a
double element filter be installed with gradations like those
shown on the attached Fbz,n SCS-130.

Nore positive control of the phreatic line might be obtained by
utilizing some of the sandy material from an upstream location
in a portion of the downstream section than by relying on the
permeability of the alluvium and the foundation dra in to control
the phreatic line in the embankment .

2. It was concluded on the basis of the investigational data and from
approximations using the blanket-aquifer equations that relief
of the interglacial alluvium underlying the lacustrine material
Is required. The interglac ial alluvium is stratified, and the
more permeable zones occur at depths greater than can be bandied
with the trench drain; therefore, relief wells are necessary.
It was the consensus of the group during the discussion on this site
that three relief wells should be installed at the downstream toe .

( The approximate location suggested is in the vicinity of DE-302
and 50 feet on either side of DH-302. It is also suggested that
observation wells be installed on both sides of the relief wells.
The wells should extend either to the underlying glacial till or
to the most pervious stratum in the interglacial fluvial material
if this can be determined .

The interglacial fluvia]. deposit is expected to be stratified, and
the gradation may vary conBiderably within relatively short
distances; therefore, it will be necessary to determine the
gradation of all. of the material at the well, location and design
the filter pack on the basis of the materials encountered .

3. We concur with the proposal to place a compacted soil blanket over
the exposed sandy deposits upstream from the embankment on the
left abutment.

On the basis of the present data , it does not appear that the seeps
on the left abutment upstream from the dam will cause any problems.

C. Principal Spillwa.~~ Uigh-blow-count material occurs at the proposed
location, and it is reported that foundation consolidation is expected
to be very low.
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D. &banlouent Design.

3. Placement of Material. Materials represented by the t’~~ borrow
samples suluitted make up the majority of the fill. We suggest that
this material be placed at a minimum of 95 percent of s*~~A rd
Proctor optimum with the control based on the minus No. 4 frection.
We suggest a placement ~soisture content slightly wet of optimum to
obtain as much flexibility in the fill as possible .

2. ~~~~~~~~~~~~~ The data indica te that the proposed 3:1 slopes have
acceptable factors of safety.

3. Settlement. An overfill allowance of 1.25 feet ii suggested to
compensate for residuml settlement in the fill and found*tion.

Prepared by:

_ _ _ _ _ _ _ _

lorn P. Dunnigan~
”

~~
’
~~~~~

”
~

Attachments
I

cc:
IC. 8. Werkman (2)
Neil F. Bogner, Upper Derby, Pa.
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~/LOGS OF DR ILL HOLES 
- / -

AND TEST PITS - 
• 

/

- -S
-

.- :  
~~~~~~~~~~~~~~~~~~~~~~~~~ 

I
TEST PIT i ,, ~. DAM STA 10+40, ELEV 563.2 ‘

~~.

0.0 1.0 Topsoil - ~~~~~~~ L.7s ’
1.0 3.5 Clay, low plas ., sandy, mottled (ci)
3.5 12.0 Sand , silty, w/grave l , well g raded wI !5-20% f i nes, (SM)

g lacial til l

TEST P IT 2~ 10’ RIGHT , Q DAM STA 21+90, ELEV 588.6
0.0 0.5 TopsoIl
O..5 5.5 Sand , clayey , w/40-50% low p-las. clay, fine to medi um, (SC)

low penn ., g lacial  t i l l
5.5 7.5 Clay, low p las., low penn. , mottled (ci)
7.5 10.0 As 0.5 - 5.5 with scattered cobbles , g l acial t i l l  (Sc)

TEST PIT 101 ,, 515 ’ LEFT. ( DAM STA 25+70, ELEV 581.4
0.0 0.5 Topsoil
0.5 10.0 Glaci al till as 1-608 (Sc)

TEST PIT 102, 290’ LEFT , 1. DAM STA 24+05, ELEV 582.6
0.0 0.5 TopsoIl w/nume rous cobbles , scattered boulders
0.5 1.0 Sil t , sandy, low p las., 20—40% sand , mottled , moist (ML)
1.0 7.0 Glacial till as 1-608 (SC)

TEST PIT 103, 170’ LEFT , .~~ DAM STA 22+75, ELEV 585.0
0.0 l,O Topsoil
1.0 5.5 G lac ial till as 1—608 . ~SC
5.5 7.5 Si l t , gray, low p l as. ~ML
7.5 8.0 GlacIal till as 1-608 sl I ght seepage @7.5 (Sc)

TEST PIT 101., 70’ LEFT , I DAM STA 22+80, ELEV 58L1.
0.0 0.~ Topsoil 

- -

0.5 ,.0 Sand , clayey w/40-60% low p las . clay, sand fine to (SC or CL)
medium w/traces coarse sand , very low penn., b rown

— - 7.0 12,0 Cla y , sandy , w/I0-20% fine to medium sand , traces (CL)
of coa rse sand, gravel and cobbles , dark gray

TEST PIT 105 , 90’ LEFT. Q DAN STA 24+70, ELEV 589.8
0.0 0.5 TopsoIl
0.5 10.0 Sand , clayey, w/40-Sffh low pies. f ines , sand f ine  (SC)

to medium w/trace of cobbles , b rown, low penn.,
sli ght seepage

TEST PIT 106, l10~ LEFT , ~I. DAM STA 26÷1~5, ELEV 599.~0.0 0.5 TopsoIl
0.5 12.0 Sand , clayey, w/k0-50% low plas . fines , fin e (SC)

to medium, traces of gravel , moist , brown,
glacial till

- ( 3
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TEST PIT 107, 1 30’ LEFT. IL DAM STA 28+1e5 ,, ELEV 6o8.~0.0 0.5 Topsoil
0.5 12.0 GlacIal t ill as 1-106 w/ less moisture (Sc)

k 
TEST PIT 108, 70’ RIGHT , IL DAlI STA 28+20,_ ELEV 611.1

0.0 0.5 Topsoil
0.5 12.0 Sand , s i l ty, wi th 40-50% low plas . fines , f ine  to (Sc)

med lum ,trace of grave l , moist , b rown, g lacial t i l l

TEST PIT 109, 70’ RIGHT , IL DAM STA 26+15,, ELEV 599,5
0.0 0.5 Topsoil
0,5 12.0 Sand , cla yey, w/40-50% f ines , f ine  to medium , trace (Sc)

gravel and cobbles , moist, b rown , g lacial  t i l l

TEST PIT 110 , 70’ RIGHT , .~~ DAM STA 24+30,_ EIEV 593.4
0.0 0.5 Topsoil
0.5 10.0 Sand , clayey , w/40-50% low plas. fines , fine to medium , (Sc)

brown , moist, g lacial  t i l l

TEST PIT lii , 345’ RIGHT. I DAM STA 27+5Q, ELEV 605.6
0.0 1.0 Topsoil and boulders to 2.0, numerous cobbles
1 .0 12.0 Sand , clayey, w/40-50% low p las. cla yey fines , sand (Sc)

fine to medium trace of gravel and cobbles , g l acial
t i l l

TEST PIT 112 , 420’ RIGHT , IL DAM STA 25+2Q ELEV 594.1.
0.0 0.5 TopsoIl

— 0.5 10.0 Sand , clayey , w/40-60%, low p las. fines , sand , fine (SC)orto med lum,cobbles and , boul ders from 0-2.5, g lacial t i l l  (ci)

TEST PIT 11 3 , 6601 RIGHT , Q DAM STA 25+00, EIEV 590.3
0.0 0.5 lopsoll
0,5 12.0 Sand , clayey , w/40-50% low plas. f ines , sand fine (SC)

to medium scattered cobbles , seeps f rom root zone,
g lac ial ti l l

TEST PIT 114 , 630’ RIGHT . I DAM STA 23+20, ELEV 582.1
0.0 0.5 lopsoll
0.5 8.0 Sand , w/4O-50% low plas . fines , fine to medium (Sc)

w/trace of gravel and cobbles , glacial til l

TEST PIT 115 . 390’ RIGHT . Q. DAlI STA 21+70, ELEV 580.0
0.0 0.5 Topsoll
0.5 6.0 Sand , clayey, w/40-50% fines , scattered cobbles , fine (SC)

to medium sand , bou l ders scattered @41 g lacial  t i l l

TEST PIT 116, 380’ RIGHT . IL DAM STA 23+05, ELEV 585.0
0.0 0.5 TopsoIl -
0.5 7.0 Sand, clayey, w/40-50% fines , sand fine to m edium (SC)

trace of cobb l es and bou lders , g lacial  t i l l

TEST PIT 601, 78O LEFT, IL DAM STA 10+60, ELEV 585.3
0.0 0.5 TopsoIl , stonedrain
0.5 1 .5 Sand , sil ty, gravelly w/12-15% fines , well  gra ded (SM)

\- 1~~5 7.0 Gravel , sandy, w/40-50% sand , we l l  graded 5-12% (Gw-GM)
fines , trace cobbles and boulder s, seepage @4~ rap id
to 7’ cavlng 

- -
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I~ ST PIT 602, 765’ LEFT. IL DAN STA 11+60, ELEV 580.4
0.0 4.0 Silt , low p lastic w/ t race Organic , soft , gray (ML)- :  4.0 8.0 Grave l, sandy, w/4O-50% sand, w/5- 10% s i l ty  fines , (Gw- GM)- ( well graded , trace cobbles and bou lders , seepage- @1’ fairl y dense

TEST PIT 603, 675 ’ LEFT . IL DAM STA 16+40, ELEV 556.3
0.0 0.5 TopsoIl
0.5 4,~ Sand , cla yey, w/35-1e5% low plas. clay, sand medi um (Sc)

to f i n e , poorl y g raded , orange , moist
4.5 11. 0 Grave l , sandy, w/8-l 2% sli t , wel l  gra ded to 8~

1, 40- (Gw- GM)50% sand , mode rate perm., wet , seepage @9’ a l l uv ium11 ,0 12.0 Sand , clayey, w/20-30% fines , well graded , mode ra te (Sc)
penn ., g lacial t i l l

TEST PIT 604, 660’ LEFT,CL- DAM STA 17+60, ELEV 558.2
0.0 0.5 Topsoil
0.5 9.0 Sand , c lay ey, w/40-50% low plas. flnes, b rown , (Sc)we) 1-gra ded
9.0 9.5 Sand , w/8-l2% fin es, we!) g raded , w/trace grave l (S%?-SM)seepage @ 1-2 gpm
9.5 12.0 Clay, f i r m , moist, low plas ., very low perm. (ci)

TEST PIT 605, 635’ LEFT 1 IL. DAM STA 18+55, ELEV 559.7
0.0 0.5 Topsoil
05 11.0 Sand , clayey, w/40-50% fines , well graded , san d, (Sc)

g lac ial t i l l
11.0 12.0 Clay, low plas ., b rown (CL)

TEST PIT 606, 610’ LEFT, IL DAM STA 19+50, ELEV 564.5
0.0 0.5 TopsoIl
0.5 12.0 GlacIal til l as T-605 (Sc)

TEST PIT 607, 595’ LEFT,IL DAM STA 20+65,, ELEV 563.6
As Test Pit 606 -

TEST PIT 608, 590’ LEFT, IL DAM STA 12+55 , ELEV 564.5
0.0 0.5 TopsoIl
0.5 5.0 SIlt , sandy, low to mod. plas . w/lO-20% fine sand , (Mi)mottled gray , orange-brown
5.0 9.0 Sand , clayey, w/40-50% low plas . fines , f ine  to (Sc)med. sand , trace gravel , low penn., g lac ial t i l l

.

TEST PIT 609, 560’ LEFT, S. DAM STA 22+60, ELEV 571 .3
- k 0.0 0.5 TopsoIl ,

05 12.0 Glac ial till as 1-608
TEST PIT 610.540’ LEFT. IL DAM STA 23+80. ELEV 516.7

I 0.0 0.5 Topsoil
0.5 10.0 Glacial til l as 1-608
10.0 12.0 Clay , gray, w/5-lO% sand and gravel , low p las., (CL)low penn.

TEST PIT 611 . 360’ LEFT. I DAM STA 21+65, ELEV 574.3 
-

0.0 0.5 Topsoil
0.5 7.0 Sand , clayey , w/40-50% low pies , fines , fir1, to (SC) —med ium sand, trace grave l , sca tte red cobbl es and

boul ders to 2’, low perm. 
-
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TEST PIT 612 , 315’ LEFT, IL DAM -STA 17+50, EIEV 575.1t 0.0 0.5 Topsoil
0.5 8.0 GlacIal till , as T-6ll w/5- l 0% cobbles and scattered (Sc)

bould ers, brown , low penn.

TEST PIT 6)3, 500’ LEFT, Q DAM STA 15+95 , ELEV 556.8
0.0 0.5 TopsoIl
0.5 9.0 Sand , cla yey, w/40-50% low p las. fines , sand wel l (SC)

graded , trace gravel , dense , g lac ial  t i l l
9.0 11.5 Gravel , sandy, w/30-40% well g ra ded sand, 10% cobbles , (GW-GM)

8-12% fInes , wet, sli ght seepage
11.5 12.0 Clay dense , low p las., b rown , low penn. (CL)

TEST PIT 614, 1.80’ LEFT , IL DAM STA 15+10 , ELEV 555.9
0.0 0.5 TopsoIl
0.5 1.5 Sand, silty, w/30-1.0% clayey fines (Sc)
1.5 6.0 Sand , g ravell y, silty, w/20-30% grave l , 12-15% (SM)

low p las. fi nes , we l l  graded, s l i ght seepage @5’
6.0 8.0 cla y, low p las., b rown , firm , moist , very low penn. (ci)

TEST PIT 6)5, 1~451 LEFT, IL DAM STA 14+20 , ELEV 554.6
0.0 0.5 Topso Il
0.5 2.0 Sand, gravelly, w/ l2-20% clay, cobbles (Sc)
2.0 7.0 Gravel , sandy, s i l t y  w/40-50% sand , 8-12% fines , - (GW- GM)

all wel l  graded, mois t , cobbles to 15”, low perm.,

( 
s l i ght seepage @6’

7.0 8.0 Clay, f i r m , moist , low perm . (ci)

TEST PIT 616, 31.0’ LEFT Cl. DAM STA 15+05, ELEV . 556.8 -

0.0 0.5 TopsoIl
0.5 6.0 Sand, cl ayey, w/35-45% low p las. clayey fines , we l l  (Sc)

graded , dense, low perm., brown , glacial t I l l
6.0 9.0 Clay, f i r m, low p las., very low perm ., brown (ci)

TEST PIT 617, 365’ LEFT , IL DAM STA 14+05, ELEV 554.,3
0.0 0.5 TopsoIl

— 0.5 4.0 Sand , c la yey, w/35-l15% fin es, well g raded , brown, (Sc)
low penn.

4.0 5.5 Sand , gravel ly,  w/8— 12% fines , well  graded , seepage (Sw-SM)
5.5 9.0 Clay, f i rm , moist , low p las., low penn., brown (ci)

TEST PIT 618, 355 ’ LEFT, IL DAM STA 1 3+45, ELEV 551.0
0.0 0.5 Topso il
0.5 3.0 Gravel , sandy, w/cobb les, sI l t, 40-50% sand , 8-12% (GW-GM)

fines , a l l  well graded
3.0 6.5 Sand, s i l ty, w/8— 12% f ines , well graded , seepage (SW-SM)

genera l
6.5 10.0 Sand , clayey, w/l5-25% low p las . fines , poorly (Sc)

g raded, medium sd., low perm., trace of f In.
gravel C

10.0 12.0 Sand , cla yey, w/30-kO% clay, we l l  graded , low penn. (Sc)
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TEST PIT 619, 215’ LEFT. IL DAM STA 14+65, ELEV 551.5
0.0 2.0 TopsoIl

( 0.5 7.0 Sand, clayey, w/35-1i5% low p las ., fin es, well (SC)
graded , sand , brown , low perm., w/small isola ted
sand pockets, g lacial  t i l l

7.0 12.0 Clay, low p las., f i rm , mois t , very low penn., (Ci)
g ray

TEST PIT 620, 190’ lEFT, IL DAM STA 13+40, ELEV 51.8.6
0.0 0.5 Topsoil
0.5 6.0 Gravel , sandy, w/40-50% well graded sand W8- 1/

~~ 
(Gil-GM)

6.0 9.0 Clay, low p las., f i r m , mois t , gray. ~ tY ne. (ci)

TEST PIT 621, 380’ LEFT,q. DAM STA 10+75, ELEV 559.4
0.0 0.5 Topsoil
0,5 2.5 Sand , silty, w/l2-15% fin es, f ine  to med ium , (SM)

trace clay
2.5 7.5 Sand , medium to coa rse w/l0-20% f i n e  sand, angular , (SP)

seepage @5’
7.5 8.0 Gravel , permeable , w/cobbles, rap id seepage (GW)

TEST PIT 622, 140’ LEFT. IL DAM STA 5+85, ELEV 566.9
0.0 0.5 Topsoil
0.5 3.0 Sand , sil ty, w/20—30% f i n es, sand fine to (SM)

medium
3.0 8.0 Sand , silty, w/12-20% fines , well - graded with (SM)

( 
trace ’ gravel,seepage @6’, g lac ial t i l l

TEST PIT 623, 250’ IEFT,IL DAM STA 3 0+05, ELEV 563.1
0.0 0.5 Topsoil 

-

0.5 3.0 Sand , sIlty, w133-40% fines , sand fin e to medium (SM)
3.0 11.0 Sand , s i l ty, w/12- l5% fines , sand well gra ded, (SM)

dense, seepage s l igh t be low 5’, g lacial t i l l

TEST PIT 624 • 70’ LEFT, IL DAM STA 6+90, ELEV 511.3
0.0 1.0 TopsoIl -

1.0 12.0 Sand, sil ty w/l2—20% silty fines , trace of grave l (SM)
and cobbles, well graded, dense, low penn., seepage (SM)
@ 11’ , glacial t i l l

TEST PIT 625, 80’ LEFT S.. DAM STA 3+10, ELEV 566.2
0.0 1.0 TopsoIl
1.0 4.0 Sand, gravelly, cobbles, boulders , well gra ded (SW-SM )

w/5—10% fines
4.0 8.5 Sand, medium to coarse w/3-5% fines , t race gravel , (SP)

seepage @ 6’

TEST PIT 626. 40’ LEFT,S. DAM STA 9+90, ELEV 5634
0.0 1.0 TopsoIl
1.0 5.5 Sand, si l ty ,  w/l5-20% fines , wall  graded , trace (SM)

cobbles and bouldersc 5.5 7.5 Sand, gravelly, w/ 5-10% fInes, well graded, seepage (SW-SM)

7.5 11.0 Sand , s i l ty ,  w/12-l5% fines , wel l graded (SM)
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Ti

TEST PIT 627, 70’ RIGHT , S. DAM STA 10+90, ELEV 559.4

( 
0.0 0.5 Topsoil -

- 0.5 10.0 Sand , s i l ty, t race of clay, w/l5-20% low plas . flnes, (SM)
wel l graded , t ra ce of g ravel , dense , g lacial t i l l

TEST PIT 620, 40’ LEFT,q. DAM STA 11+00. EIEV 552.1
0.0 1.0 TopsoIl
1.0 3.5 Sand , sil ty, w/30-40% f ines , low perm., mottled (SM)

3.5 9.0 Sand , sil ty, w/l2- lB% fines , well graded, gravelly, (SM)
w/scattered sand and g ravel l enses, seepage @ 6’ (rap id)

(

(__

~~

I



—
~~~ w

FURNACE BROOK
LOGS OF DRIL L HOLES

AND TEST PITS
- 

Standa rd
Penetration

Depth Blows/foot

D!ULL HOLE 1, 10 LEFT , IL DAM STA 7+70, ELEV 577.6
~

‘ 0.0 1.0 TopsoIl 05 - 1.5 6
1.0 20,0 Sand , si l ty ,  w/15% low p las t ic s i l t, (SM) 2.5 — 3.5 20

wel l  gra ded, angular , trace of grav e l , 4.5 — 5.5 52
glacial till 6.5 - 7.5 58

8.5 - 9.5 92
10.5 — 11.5 128
15,5 - 16.5 52

20.0 28.0 Cobbles , boulders , gravel , wi th matrix 20.5 — R
of sil ty sand , mod. perm. - 

- -
28.0 47.0 Gneiss , fractured , weathered 27.0 - 28.0 92

DRILL HOLE 2, 30’ RIGHT , IL DAM STA 9+35, EIEV 575.2
0.0 1.0 Topsoil o.~ - 3.5 13
1.0 20.0 Sand , s i l ty, we l l  graded, w/15-20% silty (Sn) 2~5 - 3~5 27

fines , low perm. — tU 4.5 5.5 52
6.5 - 7.5 52
8.5 - 9.5 58

- 10.5 — 11.5 37f - 15.5 — 16.5 33
20.0 27.0 Silt , sandyj Wf3 d-40% Well -graded sand (ML) 20.5 — 21.5 22

4 low p 1as t l~ j ti _li - 25.5 ~ 26.5 40
27.0 30.0 Sand, cleanj W/40% fine , 50% med i um , (sP) 30.5 - 31.5 54

permeable
30.0 35.0 Sand , w/8-12% ~ii ty flu es , fin e to (SP-Sn)

medium
35.0 36.5 Sand , s i l ty, 1.0% fiñé~ LfO% medium , (SM) 35,5 - 36.5 53

20% coarse , t race gravel , W/ 15-20y,
s i l ty fines

36.5 49.0 Sand , s i l ty, f ine  to medium, w/ ,l2t f Ines , (SM) 41.5 - 42.5 89
gnelss residua l , slow l y permeable

DRILL HOLE 3, 10’ LEFT, ~i. DAM STA 10+40~, ELEV 562.00.0 1.’) Top~oII’ -
— - 

0.5 1.5 1
1.0 30.0 Sand: sll ly , wCl 1-graded , w/12-15% )ow (Sn) 2.5 - 3.5 23

p lastic sil ty fines , low penn ., tIll 4.~ - 5.5 52
10.5 - 11.5 34
15.5 - 16.5 100
20.5 — 21.5 83
25.5 — 26.5 108

30.0 45.0 Cobbles, gravel, boulders, wi th s lty (CM ) 30.5 - 31 ,5 50
sand matrix , low penn., till 35.5 - 36.5 92

- 37.5 - 38.5 130
( 45.0 50.0 Boulders and decomposed rock in silty (GM)

sand ma trIx , low perm.

- 

— L
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Standar d

Penetration
Depth Blow sf fo o4 DR ILL HOLE 4, IL DAM STA 11+25, ELEV 555.4 -

0.0 6.0 Topso fl 0.5 - 1.5 7
2.5 — 3.5 49
4.5 — 5.5 45

6.0 10.0 Sand , s i l ty, well-graded , 12- 15% - (SM) 6.5 - 7.5 116
low p last Ic s i l t, glacial t i l l

10.0 12.0 Cobbles and boulders
12.0 20.0 Sand , sil ty well—graded , 12-15% (SM) 12.5 -13.5 90

low p las t ic sli t , g la cial till 16.5 —17 .5 69
20.0 26.0 Sand , sjlty, w/15%-25% silt , sand (SM) 21 .5 -22.5 31

f ine , poorly g raded , poor st ra t i f i ca t ion, 23.0 -24.5 66
low perm. except locally

26.0 31.5 Sand, mica ceous, w/15-25% silt , sand (SM) 26.5 —27.5 51
f ine , poorly graded

31.5 37.0 Sand , s I l ty, well-grad ed, fine to (sP-SM) 32.0 -33.0 56
coarse, w/trace gravel , w/1O-20%- low 36.0 -37.0 52
p las. fines , moderate penn.

DRILL HOLE 5, IL DAM STA 13+95, ELEV 547,3
0.0 4.0 Sand , s i l ty, fine, poorly graded (SM) 0.5 - 1.5 0

sand , gray, soft alluvium 2.5 3.5 4
4.0 8.0 Sand, well- graded w/trace gravel , (sP-sM) 4.5 - 5.5 22

w/5- 10% fines , gray brown 6.5 - 7.5 65
8.0 10.0 Sand , sil ty, well— graded , w/1 5-25% (SM) 8.5 — 9.5 80

silty fines, alluv ium
(~ 

10.0 15.0 Sand, silty, w/gravel , well-graded - (SM) 10.5 -11.5 14
j fine to coarse, w/l2-l5% fines , soft,

a lluvium
- 

15.0 20.0 Sand , fine 12—15%, silt , poorly graded ,(SM) 15.5 -16.5 45
orange, low penn.

* 20.0 21.0 Boulder
21.9 36.0 Sand , f in e to coarse, well-graded , (SW) 21 .5 -22.5 39

permeable , alluvium 26.5 -27.5 51
- 

- 33.5 —32.5 —

36.0 38.5 Sand ,.silty, wel)—graded , w/15-20% (SM) 37.0 -38.0 137
-. - f ines , low penn ., glacia l till

38.5 39.5 Bou l der
-

- 39.5 44.0 Sand , s i l ty, well—graded , w/l5-20% fines , 41.5 —42.5 117
low penn., glacial t i l l

C

1%~
-

~~~~~ _ _ _ _ _ _ _ _ _ _ _ _
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Standard
( Penetration

Depth Blows/foot

D R I L L  HOLE 6, £ DAM STA 12+60, ELE V 5~5~9
0.0 2.0 SIlt , organic , low plastic , gray (ML) 0.5 — 1.5 6

brown
2.0 21.0 Sand , c layey , med. to f Inc w/tr ace ( S C )  2.5 - 3 5  38

of coarse and trace grave l, gray, 4.0 - 5. 0 16
w/20-30% fines 5.5 - 6.5 18

- 7.0 - 8.0 9
8.5 - 9.5 19
10.5 — 11.5 22
12.5 — 13.5 40
15.5 - 16.5 34

- 20.5 - 21.5 29
21.0 22.0 Sand , fine to med. , poorly graded , (SM)

w/12— 1 5% fines , orange , a l l u v i um
22.0 37.0 Sand , s i l ty , w/ l 2-20% si l t y fines , (SM) 25.5 — 26.5 95

well-graded f ine to coarse sand , 30.5 - 31.5 7)
glacIal ti ll 35.5 - 36.5 87

DRI LL HOLE 7, IL DAM STA 13+30, EU’! 54k,9
0.0 6.0 Sand , we l l  g raded , w/trace of gravel , (sw- sn) 0.5 - 1.5 45

5—10 % fines , som e cobbles and
boulders

( 6.0 11.0 Sflt, gray , w/traces of cl ay , mo ist , (ML) 6.5 — 7.5 30
low to med. plastIc 10.5 — 1 1 .5 43

11.0 15.0 SI l t , brow n, w/traces of- clay , moist , (ML)
low to med. plastic

15.0 35.0 Sand, silty , w/ l2-20% low plastic flnes ,(SM) 15.5 — 16.5 39
sand well-graded , low perm., brown 20.5 - 21.5 76

26.5 - 27.5 104
31.5 — 32.5 86

• 35.0 1.6.0 Sand, med. to coarse , clean, permeable, (sP) 36.5 - 37.5 133
water bearing

- -_ 46.0 50.0 Sand and gravel , sand med. to coarse , (sP) 1.6.5 - 47.5 16
clean , permeable , wa ter bearing

50.0 60.0 Clay, low to moderate plastic ity , (CL) 50.5 - 51.5 166
moist , brown, 25% moisture 55,5 56.5 11.0

60.0 75.6 Sand, silt and cobb l es, gravel , sand (SM ) 60.5 61.5 134
well—graded , w/l 2-l 5% fines (silty) 75.0 75.5 50
low perm ., brown-gray , glacial till

H
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Standard
(t Penetrat ion
V Depth Blows/foot

DRI LL HOLE 8, IL DAM STA 1 3+70, (1EV 544. 1
0.0 6.0 Sand , well graded w/trace gravel and (9.4-SM) 0.5 - 1 ,5 7

5—10% fInes , orange-brown, wet 2.5 — 3.5  135

4.5 — 5.5 44
6.0 11.0 Silt , low to moderate p l asticity, (ML) 6.5 — 7.5 27

moist , brown
11 .0 13.0 Sand , clayey , w/30-40% low plastic clay,(SC) 11.5 — 12.5 86

sand well-graded , trace fine gravel ,
grayish brown

13.0 19.0 Clay , moderate plasticity , trace of (CL) 16.5 - 17.5 62
sand and sil t, gray

19.0 19.9 Boulder
19.9 29.8 Sand , silty , well- graded , trace (sw—SM) 21.5 - 22.5 106

gravel , w/ lO—l 2% fines 26.5 - 27.5 63
29.8 31.0 Boulder
31.0 36.0 Sand, clean , med., poorly graded , (sP)

gravel
36.0 38.0 Clay , low to moderate plasticity , (CL) 36.5 — 37.5 85

brown
38.0 40.0 Boulder
40.0 50.0 Clay , low to moderate plasticity , (CL) 1.0.5 — 41.5 81

brown, moist 42.5 — 43.5 64
( 

1~4~5 - 45.5 52*
1.6.5 - 47.5 35*
48.5 - 49.5 27*

DRI LL HOLE .~~~ £ DAM STA 111+20, (1EV 541.8
0.0 0.5 Topsoi l , sI lty sand , brown (SM)
0.5 3.5 Sand , silty , w/i2-i5% low plas tic (SM) 0.5 — 1.5 3

- s i l t , sand f i n e  to med. , low plas . 2.5 — 3.5 2)

trace g ravel , moi st, brown
3.5 12 ,0 SIl t , low p las t ic , w/traces of clay, (Mi) 4.5 — 5.5 30

sand and g ravel , brown low penn. 6.5 — 7.5 42
- - t 12.0 19.0 Sand , clayey , w/20—30% low plastic cley,(SC) 16.0 — 17.0 33*

sand well graded, grayish-brown
19.0 20.5 Sand , cl ean , well g raded , permeable (SW )
20.5 22.0 Boulder , cobbles
22.0 23.5 Sand , clean, med. to coarse , gravell y, (sP) 22.5 — 23.5 4i6

permeable
23.5 30.0 Sand , si l ty, w/30-4O% low plastic flnes , (SM) 27.5 — 28.5 39

-
- sand well graded , trace gravel , moist,

brown
30.0 37.0 Sand, silty , w/i2— l5% fines , sand well (SM) 32.5 — 33.5 94

graded, trace gravel , wet
37.0 50.0 Sand , w/30-40% low plastic fines , wel l (SM) 37.5 - 38.5 115

graded , dense boulders 44-1.13 feet , 42.5 - 43.5 41
g lacial t i l l  48.5 — 49.5 1 10

(-
‘ - I

*300 lb hamme r used on sampler



Standard
PenetratIon

Depth Blows/foo t

DRILL HOLE 1 0, IL DAlI STA 15+20, ELEV 551.2
0.0 11.0 Sand w/8-12% fines , well-graded , (SW-SM) 0.5 - 1.5 19

angular gravel , silty fines 2.5 — 3.5 84
4.5 - 5.5 26
6.5 — 7.5 13

11.0 15.0 Clay , low to moderate pl asticity , (CL) 10.5 — 11.5 92
s i l ty, brown, moist

15.0 21.0 Clay , low to moderate p lasticity , (ci ) 15.5 — 16.5 44
silty , gray, moist.

21.0 24.0 Clay , low to moderate plastic ity , (ci) 21.5 — 22.5 47
sil ty, brown, mois t

24.0 30.0 Sand , w/8— 1 2% si lty fines , well (9.1-SM) 26.5 — 27.5 86
graded , g rave l ly  28.5 — 29.5 149

30.0 37.0 Silt , low plastic , brown, moist (Mi) 33.5 — 34.5 60
-

- 35.5 - 36.5 11 3
37.0 1~’ ‘ Sil t, low plastic , brown, sandy, (ML) - 37.5 - 38.5 61*

sand-fine 5-15%, moist

DRI LL HOLE 11 , IL DAM STA 1 5+75, ELEV 57h1
0.0 8.6 Sand , s i l ty, damp , brown , w/l 5-20% (SM) 0.5 — 1.5 18

f i n es, we l l  graded g ravel ly, g laci al 2.5 - 3.5 45
till 4.5 - 5.5 56

( 6.5 — 7.5 )00
8.6 17.0 Sand, moist , b rown , sUty , w/5-l2% (s*sP) 11.5 - 12.5 40

f ines , f ine to med. 16.5 - 17.5 36
17.0 31.0 Clay , moist , b rown , moderate p last ic  (CL) 21.5 - 22.5 34

26.5 - 27.5 48
31.0 40.0 Clay , moi st, gray , moderate plastIc (CL) 31.5 — 32.5 53

36.5 — 37.5 39
3 8. 5— 39 .5  62

40.0 49.6 Sand, moist , w/ lO— l2% low plastic (Sw-SM) 42.5 - 43.0 85
f i nes , well- graded , gravel , cobble~s, 48.5 - 49.5 76
boul ders , low penn ., dense

49.6 60.0 Silt , brown, low plastici ty, moist (ML) 54.0 - 54.5 50*
60.0 63.0 Sand, silty , w/12-)5% low plas. silt , (Sn) 60.5 — 61.0 77*

low penn., sand-fine, poorly graded
63.0 72.0 Sand, moist, brown, w/ l2- l 5% fines , (SM) 65.5 - 66.0 40*

silty , gravel , cobbles, small boulders, 71.5 — 72.0 35*
glacial till

DRI Li HOL E 12 , ~ DAM STA I 7+0O~ ELEV 576J
0.0 1.0 TopsoIl 0.5 — 1.5 5

I 1.0 16.0 Sand, silty , w/15-25% fines , some ($11) 2.5 — 3.5 35
gravel , brown, moIst 4.5 - 5.5 29

L 6.5 - 7.~ 31
11 .5 — 12 ,5 28

16.0 23.0 Clay , moIst, gray, low plastic (ci) 16.5 — 17.5 39
21.5—22.5 36

*300 lb hammer used on sampler t
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Standard
Penetration

Depth Blows/foot

DRI LL HOLE 13 IL DAli STA 18+OQ, (1EV 579.4( 0.0 1.0 TopsoI l 0.5 - 1.5 9
1.0 11.0 Sand , silty w/20—25% fines , silty , (SM) 2.5 — 3.5 43

gravell y 4.5 — 5.5 29
6.5 — 7.5 92

11,0 16.0 Sand, wel l -graded, brown, 10— 15% sil t ,(SW—SM) 11.5 — 12.5 45
l i tt le gr avel

16.0 23.0 Sand , wel t—gr aded , 12- 1 5% fine s , sil ty, (SM) 16.5 — 17.5 38
gravelly, w/sIlt lenses 21.5 - 22.5 19

23,0 35.0 Sand , clean , f i ne to medium, lenses (sP) 26.5 — 27.5 24
of s i l t , poorl y graded 31.5 — 32.5 ii

35.0 45.0 Clay , moist , brown , low plastic (Ci) 36.5 - 37.5 53
41.5 - 42.5 51

45.0 51.0 Clay , mois t, gray, low plastic (CL) 46.5 — 47.5 R
51.0 70.0 Gravel 6 sand , 10- 12% fines , silty , (~vS-GM) 51.5 - 52.5 88*

cobbles , sand well-graded , 50-60% 55.5 - 56.5 58
gravel 60.5 - 61.5 R

65.0 — 66.5 R
70.0 72.0 Sand , silty , w/l5— 25% fines , some (SM) 70.5 - 71.5 46*

9ravel , wel l graded , dense , orange-
brown g l acial t i l l

DRI LL HOLE 14. IL DAM STA 19+00, ELEV 579.5
0.0 0.6 Topsoi l
0.6 50 Slit , low plas., traces of sand 6. clay (ML) 0.5 — 1.5 11( 2.5 - 3.5 26

4.5 - 5.5 40
5.0 10.0 Sand, very fine , silty , w/lO— l 2% (SP SM) 6.5 - 7.5 46

f ines , mois t , brown , low penn. .
10.0 18.0 Clay , low plas., brown to gray (CL) 11.5 - 12.5 43

brown 16.5 — 17,5 48

DRI LL HOLE 15 , IL DAM STA 20+10, (1EV 582.0
0.0 0.6 TopsoI l
0.6 2.0 Silt , sandy, w/trace grave l 6 clay , (ML) 0.5 - 1.5 9

20-30% sand, moIst brown
2.0 4.0 Sand , silty , w/20—30% low pies, fines , (SM) 2.5 — 3.5 46

sand well-graded , trace gravel , brown,
low pens.

4.0 8.0 Sand , ciayey , w/20-30% low p las . f ines , (SC) 4.5 - 5.5 1.5
well—graded sand, trace gravel , brown, 6.5 — 7.5 99
low perm.

8.0 18.0 Sand, claysy , w/20-30% low plas. fines , (SC) 11.5 - 12.5 45
wel I-graded sand, trace gravel , gray- 16.5 — 17.5 43

brown, low penn.
18.0 28.0 Sand, clayey , w/20-30% low plas. fines , (Sc) 21.5 - 22.5 63

we ll—~rad.d sand , trace gravel , gray, 26.5 - 27.5 55
low perm.

28.0 45.0 Clay , low plas ., gray (ci) 31.5 — 32.5 45
( 36.5 - 37.5 62
( 1.2.5 - 43.5 70

45.0 50.0 Boulders 6 cobbles
50.0 56.6 Sand , s i l ty, w/15-25% fines , brown, (SM) 50.5 - 51.5 27*

trace gravel , low perm. 55.5 - 56.5 30*
*300 lb hammer used on sampler
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Standa rd
Penetrati’on

(
_ Depth Blows/foot

( DRILL HOLE 201 , 50” RIGHT I ~ DAM STA 25+05, ELEV 592.7
0.0 0.5 TopsoI l
0.5 19.0 Sand , clayey , w/1 0-50%, low plas. fines (Sc) 0.5 — 1.5 12

sand fine to med. dense, brown glacial 2.5 — 3.5 56
till 4.5 — 5,5 73

6.5 — 7.5 77
11.5 — 12.5 51
16.5 - 17.5 64

19.0 25.5 Clay , low p lastic , gray (CL) 21.5 — 22.5 47
25.5 36.0 Sand, ciayey, w/40-50% low plastic (Sc) 26.5 — 27.5 R

clay , fine to med , dense, brown , 31.5 — 32.5 112
glaci al till 35.0 - 36.0 56*

DRI LL HOLE 202, 315’ RIGHT, £ DAM STA 24+30, ELEV 592.0
0.0 0.6 Topsoi l
0.6 2.0 Silt , sandy , brown, low plastic , (SM~SP) 0.5 — 1.5 6

sand poorly-graded
2.0 11.0 Sand , clayey , w/40-50% f i nes, brown, (Sc) 2.5 — 3.5 38

trace gravel , fine to med. glacial 4.5 — 5.5 29
till 6.5 — 7.5 15

11.0 27.0 Sand, clayey , w/40-5O% fines , gray, (Sc) 11.5 — 12.5 45
trace g ravel , fine to med ., g lacial 16.5 — 17.5 75
till 21.5 — 22.5 62

• 26.5 — 27.5 39*( 27.0 28.0 Clay , low p las t ic , gray (CL)

DRI LL HOLE 301, 75” LEFT , IL DAM STA 14+70, ELEV 541.5
0.0 2.0 SIlt , sandy, w/trace organic, dark gray (ML) 0.5 — 1.5 0
2.0 4.0 Sand , silty , w/5-lO% sil t, sand well- (SW-SM) 2.5 — 3.5 12

g raded sof t , g ray
4.0 15.0 SIlt , sandy , w/l5-30% fin e to med. (Mi) 4.5 — 5.5 42

sand , low to modera te p las t ic , gray , 6.5 — 7.5 57
dense moist, cobble @11’ 11.5 — 12.5 154

15.0 21.5 Sand , clea n, fine to med. water- (sP) 15.5 — 16.5 93
bear i ng

21.5 29.0 SIlt , low pies., w/traces of fine sand, (ML) 21.5 — 22.5 43
brown 26.5 - 27.5 48

29.0 30.5 Sand , s i l ty, w/15—20% si l t, sand well— (SM)
graded , cobbles , boulders , low penn.
tI l l

30.5 34.0 Boulder
34.0 44.0 As 29-30.5 w/trace of gravel 6 (SM) 34.5 — 35.5 38

cobb l es 40.5 - 41.5 131
44.0 50.0 Silt , sandy w/lO— l5% sand, low plas., (ML) 45.5 — 46.5 156

- dense, brown 47.5 - 48.5 81*

*300 lb hammer used on sampler

•/
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Standard
Penetration

- Depth Blows/foot
DRI LL HOLE 302, IL DAM STA 14+60, (1EV 542.6

0.0 3.5 Sand , si l ty, w/1 2— 15% fines , well (SM) 0.5 — 1,5 30
graded, w/scattered cobbles, gravel 2.5 - 3.5 33

3.5 4.0 Silt , sandy, low plastic , trace fine (ML)
sand 8. gravel

4.0 14.0 Sand , cla yey, w/30-40% low p l as. clay , (Sc) 4.5 - 5.5 1e0
- brown , sand well graded 6.5 — 7.5 1.6

10.5 — 11.5 47
14.0 27.0 Sand, w/l2—20% low plastic silt , and (SM) 16.5 — 17.5 93

silty sand , poorly strati fied , trace of 20.5 — 21.5 50

gravel 25.5 - 26.5 55
27.0 30.0 Slit , w/traces of sand, low plastic , (ML) 27.5 - 28.0 13*

brown
30.0 35.0 Sand, s i l ty, w/20—30% low plastic

fines, sand well  graded , w/trace gravel (sli) 30.5 - 31.5 44
35.0 37.0 Sand and gravel , clean, water-bearing (sP) 35.5 - 36.5 44
37.0 50.0 Sandy, sil ty, w/20—30% fines , sand (SM) 40.5 - 41.5 60

wel l  graded , gravel , angular glacial 45.5 - 46.5 127
till

50.0 60.0 Cobbles, boulders w/matrix of silty (GM) 50.5 — 51.5 55
sand

60.0 62.0 Sand, si l ty, wel l  graded 30-40% silt , (SM)
f i n e  to med. sand , ve ry loose , wet

62.0 64.0 Sand, sil ty, wel l  graded , w/gravel , (SM) 62.5 - 63.5 13( w/20—30% s I l t, wet
64.0 66.0 Sand, si l ty, w/20— 3Q% fines, well (SM) 64.5 - 65.5 43

graded, brown,glaclal till

DRILL HOLE 303. 70’ RI GHT, IL DAM STA 14+70, ELEV 542.6
0.0 6.0 Sand , w/8-l 2% low pla s , silt , well (SW-SM) 0.5 — 1.5 14

g raded w/trace of g ravel , cobbles 2.5 — 3.5 97
- 4.5 - 5.5 30

6.0 16.0 Sand , clayey , w/25-35% mod, plas tic (SC) 6.5 — 7.5 50
f ines , well—gr aded sand , trace grave l 11.5 - 12.5 39

- brown, dense
16.0 17.5 Clay , mod. plas . brown , very dense (CL) 16.5 — 17.5 93
17.5 35.5 Sand , silty , w/1 2— 20% fines , wel l (SM) 21.5 - 22.5 71

graded , trace g rave l , l oca l poor 26.5 — 27.5 73
stratif ication 32.5 — 33.5 102

34.5 — 35.5 67*

*300 lb hammer used on sampler

C
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Standard
Penetra tion

- Depth Blows/foot
DRILL HOLD 30k, 1501 RI GHT, IL DAM STA 14+70, (1EV 540.2

0.0 2.5 Sand , silty, wel l  graded brown (SM) 0.5 — 1.5 12
2.5 13.0 Silt , low plas. gray—brown Increasing (ML) 2.5 — 3.5 26

clay @10— 13 feet Ze.5 — 5.5 20
- 6.5 - 7.5 27

10.5 — 11.5 58
13.0 26.0 Sand , w/l2-l5% silty fines , well graded (SM) 15.5 - 16.5 79

sand , layers of clean sand , mod, to low - 21.5 — 22.5 68
penn. -

26.0 27.5 Boul der
27.5 31.0 Sand , clean , permeable (sp) 28.0 - 29.0 90
31.0 35.0 Bou lders -

35.0 37.0 Sand , s i l t, w/20—30% silt well graded, (SM) 35.5 — 36.5 82
glacial till -

DRILL HOLE 501, 11.0’ RIGHT. IL DAM STA 14+10. ELEV 541.6
0.0 2.0 SIlt , sandy , w/trace organic , wet , (Mi) 0.5 — 1.5 1

soft, brown—gray
2.0 5.0 Sand, gravelly, s ilty,w/30-40% gravel (SM) 2.5 - 3.5 50

S. 10—14% low plas. s i l t , well graded , 4.5 - 5.5 45
low perm., gray

5.0 10.0 Sand, silty , w/25—35% low p las. fine s , (SM) 6.5 — 7.5 20
well graded, trace gravel , brown

-- 10.0 26.0 Sand, silty , w/l 2— 15% low plastic f ines ,(SM) 10.5 — 11 .5 49( trace gravel , well graded 15.5 — 16.5 74
21.5  - 22.5 46

26.0 30. 0 Sand , s i l ty ,  w/ 20—30% low plastic (SM) 26.5 - 27.5 43
fines , trace gravel , cobbles , well
graded, low perm.,glacial till

DRI LL HOLE 502, 170’ RIGHT. ~ DAM STA 15+35 , ELEV 553.3
0.0 7.0 Sand, damp, brown, si l ty, w/15-25% (514) 0.5 — 1.5 13

fines , trace gravel , wel l graded glac .l 2.5 — 3.5 49
till 4.5 — 5.5 38

7.0 11.0 Clay , sandy , low p las t ic, w/thin l enses (CL) 6.5 - 7.5 24
of fine to med. sand

11.0 28.0 Clay , sandy, w/15-40% well graded sand (CL) 11.5 - 12.5 31
and s i l t, sometimes stratifIed , brown 16.5 — p7.5 53
and gray, low plastIc 22.5 — 22.5 50

26.5 — 27.5 80
280  360  Sand, w/8— 12% fines , s i l ty, brown, (SW-SM) 31.5 — 32.5 61

some gravel wel l graded
36.0 40.6 Boulders , w/matrix of sand , g ravel - 

-

and silt
40.6 58.0 Sand , silty , w/ lO-l2% fines , (SW-SM) 41.0 — 42.0 42

some gravel well graded 43.0 - 44.0 80*
48.5 - 49.5 149
55.0 - 55.5 80*

-; 58.0 60.0 Sand , s i l ty, w/20-40% fines , well (SM) 58.5 — 59.5 41*
graded , w/t race grave l , t i l l

*300 lb hammer used on sampler



—— -

—

~

--- - - -

Standard
-

~~~ 

- Penetra tion
Depth Blows/foot

DRI LL HOLE 601. 70’ RIGHT. ~ DAM STA 11 +90, ELEV 550.8
0.0 0.8 Topsoi l
0.8 10.0 Sand , s i l ty, w/1 2— l 5% sil t , well (SM) 0.5 — 1.5 12

graded , gravel , brown 2.5 - 3.5 25
4.5 — 5.5 39
6.5 - 7.5 98

- 8.5 - 9.5 71
10.0 14.0 Sand, cla yey, sand fine to med., - (SC) 10.5 — 11.5 25

w/l5-30% plastic clay , low perm. 12.5 — 13.5 36
gray streaked wi th brown

14.0 18.0 Sand, fi ne to med. poorly graded, (SM) 16.5 — 17.5 38
w/10-l5% fines, brown

18.0 38.0 Sand , sil ty, w/12-l5% fines, well— (SM) 21.5 — 22.5 64
graded, brown, glacial till 26.5 - 27.5 131

31.5 — 32.5 84

36.5 - 37.5 98

DRI LL HOLE 602, 95’ RI GHT, IL DAM STA 1 3+00, ELEV 547.5
0.0 .6)0 Topsoi l
.6.~0 28.0 Sand, silty, well-graded , fine to (SM) 0.5 - 1.5 11

coarse sand, w/trace of gravel , 2.5 - 3.5 52
w/12-l5% s I l ty f i nes, glacial till 4.5 — 5.5 88C 6.8 - 7.5 51

10.5 — 11.5 40
15.5 — 16.5 1~4
20.5 — 21.5 33
25.5 — 26.5 110

28.0 31.5 Boulder
31.5 40.0 Sand, si l ty, well-graded, fine to (SM)

coarse sand , w/trace of gravel ,
w/15—20% silty fines , glacial till 35.5 — 36.5 40

- - DRI LL HOLE 603, 80’ RIGHT . IL DAM STA 13+60, (1EV 543,5
0.0 15.0 Sand, si l ty, brown, well-graded, (SM) 0.5 - 1.5 16

w/traces of cobbl es and g rave l , 10.5 - 11.5 87
w/l 2— l 5% sil t (variable to 8-12%)
alluv i tmi

15.0 26.5 Sand , well—grade d med . to fine, clean (sP) 15.5 — 16.5 55
water-bearing , permeable, alluv i tin 20.5 — 21.5 73

25.5 — 26.5 7626.5 35.0 Sand, silty, w/l2- 15% fines , well (SM) 30.5 — 31.3 140
graded , low penn ., brown, t i l l

35.0 37.0 Sand , si l ty, w/l2- 15% fines , well (SM) 35.5 — 36.5 162
graded , gray, low penn. , glacial t i l l

*300 lb ham r used on samp ler

j
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Standard
- Penetration

Depth Blows/foot

DRI LL HOLE 604, 75’ RIGHT, IL DAM STA 14+30. ELEV 541.2
0.0 4.5 Sand , f i ne  to med., w/5-lO% silty (SP-SM) 0.5 — 1.5 3

f i nes , poorly graded, gray-brown 2.5 - 3.5 22
4.5 5.5 Sand, clayey , w/20-30% fines , well  (Sc) 4.5 — 5.5 35

g raded
5.5 6.0 Clay, low p las t ic , brown (CL.)
6.0 14.0 Sand, clayey, well graded, w/20-4O% (Sc) 6.5 — 7.5 28

f ines , trace gravel 8.5 — 9.5 38
10.5 — 11.5 51

14.0 22.0 Sand, w/5—12% silty fines , well (Sw-SM) 16.5 — 17.5 94
graded, trace of gravel , angular,- 21.5 — 22.5 108
permeable

22.0 32.5 Sand , w/lO- l 2% silty fines, well (SW-SM) 26.5 - 27.5 R
graded, mod, to low penn. 31.5 - 32.5 40

32.5 47.0 Sand, silty , w/25-35% fines, trace (SM) 36.0 - R
gravel , cobbles, boulders ; orange~ 41.5 — 42.5 58*brown, glacial  ti l l  46.5 — 47.5 R

DRI LL HOLE 605. 60’ RI GHT, ~~. DAli STA 14+90, ELEV 552.8
0.0 2.0 Sand, damp, brown, silty , w/I2 i5% (SM) 0.5 — 1.5 6 

—

fines , gravel ly  
-

,
— 2.0 11.0 Sand, s i l ty,  w/20—30% low p lastic

sl i t, well graded, brown , g lacial till (SM) 2.5 — 3.5 7
4.5 — 5.5 22

• 6.5 — 7.5 18
11.0 26.0 Clay , mois t, gray, low plastic , trace (CL) 11,5 — 12.5 36

of sand and gravel at top 16.5 — 17.5 50
21.5 - 22.5 62

26.0 37.0 Sand, silty , moist brown, well graded (SW-SM) 26.5 - 27.5 50
w/8-l2% fines , gravel , s i l t lenses, 31.5 — 32.5 74
dense

37.0 42.0 SIl t, sandy , b rown, sand—fine , poorly (ML)  37J — 38.5 72
- — graded

42.0 64.6 Sand , moi st, brown, sil ty, w/)5-25% (SM) 42.5 — 43.5 163
- fines , sand wel l g raded , gravel , smal l 47.5 - 48.5 120

boulders, g lacial t i l l  53.5 _ 54.5 55*
58.5 — 595 53*
63.5 - 64.5 99

*300 lb hammer used on sampler

- -
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- Standard
Penetration

Depth Blows/foot

DRILL HOLE 701, 75’ LEFT, ~ DAM STA 11 +95, ELEV 51.8.4
0.0 4.0 Silt , sandy, w/organ ic material , soft (ML) 0.5 — 1.5 2

2.5 - 3.5 04.0 5.0 Boulder
5.0 15.0 Sand, silty , well-graded , fine to (SM) 5.5 — 6.5 145coarse sand, wi th  trace of gravel io.~ - 11.5 3315.0 18.5 Sand , fi ne to med. well graded , w/5- (SP-sM) 15.5 - 16.5 2310% fInes 1 7 5  — 18,5 4118.5 28.0 Sand, silty , well—gr aded , w/15-20% (511) 20.5 — 21.5 34

fi nes 25.5 — 26.5 4628.0 32.0 Sand, well-graded , w/trace of (SP sti) 30.5 - 31.5 50gravel , w/5—10% fines
32.0 37.0 Sand, wel l graded,wfI5-20% fines, (SM) 35.5 - 36.5 126ti l l

0
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/ UNITED STATES DEPARTMENT OF AGRICULTURE

SOIL CONSERVAT ION SERVICE
Somerset , New Jersey 08873 ~~~~~~~ -

DEC 1 4 1978
DETAILED GEOLOGIC INVESTIGAT I ON

OF FURNA CE BROOK S ITE 2

Genera

State of New Jersey location - Warren County
Wa tershed - Furnace Brook Fund Class - (WP- O8) 2013
Site No. 2 Hazard Class - C

I nvesti gated by: Ian R. Walker , Geologist -

- D r i l l  Holes Date: 4/8/69- 7/ 16/69
• Test Pits Date: 7/14/69-7/31/69

Ana l ysis and Report Date: 10/1/69

Equipment used: Drill holes: Sprague and Henwood
Skid machine wi th 1 3/8
inch diameter split-
barre l sampler

- - Test p i ts:  Backhoe

( ) Site Data

Drainage area size: 2.9 square miles 1,857 acres
Type of Structure : Earth Dam
Purpose of Structure: Flood water retarding, sediment storage

and recreation

Storage Allocation

- 
Vol ume Surface Area Depth at Dam

-~ -- (Acre Feet) - (Acres) (Feet)

Sediment L 20
Floodwater 

~~ fl1487 68 42
Recreation ~~~ ~,622 53 34

(i~~~ .~~
• Dam Data

Maximum height: 51.5 feet
Length: 1 ,680 feet
Location of emergency splllway: Ri ght abutment

- 

- - Volume of fill: 177,000 cu. yds.

) REFERENCE: U.&.DEPARTH ENT OF AGRICULTUR E DRAWING NO.

S O I L  C O N S E R V A T I O N  S E R V I C E  
-

SHEET.....L...OF ii
DATE

— -~~ - - - — —-~~ --— 
—

-. -
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SURFACE GEOLOGY AND PHYSIOGRAPHY

Ph ysiographic area: Hi ghlands

Topography : Ri ght abutment
Upper Slope 3%
Lower Slope 50%

Left abutment 8%
Surface: steeply rolling
Relief : 700 feet
Width of flood plain: 350 feet

Geologic Formations and Surficial Deposits

Quaternary :
Recent: Alluv i um

Silty sand , sand , gravel , and cobbles. Poorly stratified ,
low to moderate permeabi l i ty .  Underlies f lood plain.

Pleistocene: G lac ia l  t i l l  and interg lacial f l uv ia l  and lacustr ine
deposits. An old till sheet everywhere overlies the
bedrock . This deposit is  i n  t urn  overlain by inter-
glacial stream and lake deposits and finall y by a second
and younger t i l l  sheet .

The older till is a dense, - s l o w l y permeab le s i l t y  sand
with traces of gravel , cobbles , and boulders . Sand in
fine to medium with f rom 15 to 40% low plastic silt and
clay. Fluvial deposits overl y ing the old till sheet are
variousl y sorted and strat i f ied sand , grave l and silty
sand depos its of moderate to hi gh permeability.
Lacustrine deposits of dense , impervious , low plastic
clay overl y the fluvial deposits.

The lacustrian deposi ts are in turn over la in by more
fluvial deposits of fine to medium sand and silty
sand of low to moderate permeability.

A young till sheet of dense and slowly permeable fine
to medium silty and clayey sand blankets both abutments.

Precambrian : Granitoid Gneiss
t 

Fractured and moderately permeable gran i torid gneiss
underlies the upper side of the left abutment at 20 feet
and the rIght abutment and center of the site at
depths In excess of 75 feet.

REFERENCE: 
U .S.DEPARTH (NT OF AGRICULTURE 

DRA~.4INS NO.
SOIL CONSERVATION SERVICE

• ~- SHEET..L OF 1
~ (

DATE ________________ j
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- Structure

The Granitoid Gfleiss is fractured and weathered for at least twenty
feet below its surface wh i ch is buried beneath thick glacial and
interg lacial deposits. Generally the gfleiss strikes northeast and
di ps to the southeast.

Evidence of landslides , Seepage, Springs

There is no evidence of landsli des or springs.

Seeps occur over a large area upstream of the dam on the left abutment;
at the toe of the ri ght abutment immediately upstream of the dam ; and
in a sma ll a rea on the right abutmen t downstream of the dam.

The locat ion an d source of the seeps is shown on SCS—316B and scS-.316E.
A discussion of the seeps is included under Left Abutmen t and Right
Abu tment in this report.

Sed i ment and Erosion

Average annual sed iment delivery is expected to be 1485.8 tons. The
delivery rate to the reservoir will be 35. percent and a trap efficiency

-‘ of 96 percent is expected. Tota l sed iment storage allocation is 20 acre
feet of which 17 acre feet will be submerged and 3 acre feet wil l be
aerated . There is no change in these data from the work p lan.

Downstream Channel Stabi l i ty

The downstream channel is “paved” with a foot or more of gravel , cobbles,
and sand.

SUBSURFACE GEOLOGY

EMBANKMENT FOUNDATION

Sixteen holes were drille d Into the abutments and through the flood

• 
plain. The holes were samp l ed con ti nuously by 1 3/8 Inch spl it-barrel

• sampler for the top 8 to 15 feet and discontinuously thereafter every
three or fIve feet. The deepest hole (D-7) was 75 feet deep and the
shal lowest hole (D-l4) was 18 feet deep. Two backhoe test pits were
dug on the dam center lIne. No undisturbed samples were collected.

- Left Abutment

The left abutment Is underlain by frac tured gne ss, glac ial ti l l  and a
trace of interg lacIal si l ts and sands. A l l  materia ls are generally

)  
REFERENCE: U.$.DEPARTNENT OF AGRICULTURE DRAWiNG NO.

S O I L  C O N S E R V A T I O N  S E R V I C E
- - SNEET..... LOF II

j
_ _ _ _  

DATE
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( dense to very dense. One permeable zone of cobbles and boulders was
found in D—4 (25 feet per day between 10 and 12 feet).

Permeabilities are about 5 fpd in the fractured and weathered gneiss
which is overlain by cobbles and boulders (permeability of 5.4 fpd)
and at least 20 feet of glacial till. Gneiss Is generally at least
f i f ty  feet below the surface in the left abutment.

Glacial t i l l  in the left abutment is slow ly permeable but the till is
not homogeneous and contains scattered pockets and stringers of permeable
sand, gravel , cobbies and boulders (as in DH 4, 10-12 feet ).

Pe rmeable interg lacial sands and grave l occur near the surface immediately
— upstream of the dam center line in the left abutment (SCS-3)6B and SCS-

3l6E). Seeps eminating from this deposit are believed to be supp lied with
• ground water from the ifactured gneiss (SCS-3l6E).and buried interg lacial

deposits.
- - Right Abutment

The right abutment is underlain by dense but variousl y permeab le glacial
tiil,fluvial sands ~gravels , and s i l t  and lacustrine clay. Bedrock was
not found to depths of 72 feet beneath the ri ght abutment.

Glacia l t i l l  of low permeability (less than 0.2 fpd) occurs under and
• over the interg lacial deposits. The til l is a low plastic clayey or

si l ty fine to med ium angular sand containing scattered gravel , cobbles
and boulders.

Permeable (to 18 fpd) sand and gravel depos its occur at depths of 140 to
50 feet beneath the abutment. Those deposits are discussed under Center
Sect ion of Center line of Dam.

A dense, near ly impe rmeable low plastic clay over lies the pe rmeable sand
and gravel deposi ts.

• In terg lacial sand and silty sand covers some of the deep l y eroded surface
of the interglacial clay (SCS-3l6C). One channel f i l l  deposit (ScS-3l6E ,
0-12, 0-13, D-14) passes near ly through the ri ght abutment. A 9— 12 foot
cover of dense and slowly permeable glacial till (T-603 to 1-609, SCS-316A )
blankets the sand in the norma l pool a rea . The channel deposit is a fine
to medium poorl y stratified sand containing generally less than 12 percent
low p lastic silt.

Seepage In the ri ght abutmen t 250 feet downstream from the toe of the dam
Is-believed to orig inate in this buried channel deposit.

t
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Perennial seepage at the base of an abandoned sand pit j ust  up s t r e a m
of the center line of the dam (SCS-3l6B) ori ginates in buried f luvial
deposits In the ri ght abutment (See Section A-A , SCS- 316E). This
deposit beneath the right abutment is of l imited area l extent (SCS-3l6B).

Water levels in drill holes in the ri ght abutment show ground water
levels consisten t with the geologic setting. A shallow or perched
water table occurs within the root zone of the surf ic ia l glacial deposits.
This water percolates downwa rd to collect in the interglacial sand above
the thick clay. G round water in this sand is discharged through the
abandoned sand pit , through seeps downstream of the toe of the dam, and
very slowly through the underly ing clay to the deepl y buried fluvia l
sand and gravels. The deep sand and gravels are in turn drained by
seepage upward to Furnace Brook beneath the center section of the dam
center li ne.

Center Section of Center IJne of Dam

Six drill holes were completed along the center section of the center line
of the dam. The deepest was 75 feet deep.

This part of the dam is underlain by Recent alluvium, interglacia l c l ay s,
s i l t s , and sands , and glacial till.

The Recent alluv ium is predominatel y coarse-gra ined and-hi ghly v a r i able
in texture and permeability. The alluv ium is less than s ix feet thick
on the r ight side of the flood -p lain and is 15 feet thick in a 100 foot
wide channel on the left side of the flood plain.

Beneath the Recent alluvium is a nearly continuous (except on the left
side) 9 to 18 foot thick layer of dense and slowly permeable low plastic
clay, s i l t , and clayey sand.

Beneath the silt and clay is a buried interglacial channel containing
deposits of sand and silty sand of variable permeability. These deposi ts
extend laterally beneath the right abutment.

These deposits are very dense (SCS—316C). Permeablilties In clean
poorly graded medium to coarse sands are in excess of 100 fpd but
values of 15 to 25 fpd for the entire deposit are probably conservative.
Horizonta l permeabliities are far greater than vertica l permeabilities.

The buried channel deposit continues downstream beneath the dam (SCS-316B
and 3160) and the right abutment.

The buried channel deposit Is underlain by dense and s lowly permeab le
glacial tIll wh i ch In turn lies on yneis s at a depth in excess of 75
feet.

( _ _ _ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _ _ _ _ _
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P R I N C I P A L  SPILI WAY

Four dril l holes were completed along the center line of the princ ipal
spillway (SCS-3l6D).

In all cases the material below the sur f ic ia l  a l luv i um (3-6 feet) is
dense. The buried channel which passes beneath D-303 is f i l l ed  wi th
dense f luvial deposits.

The depos its benea th the princ ipa l sp i liway are  continuous benea th the
center line of the dam and are discussed above under Center Section of
Center line of Dam.

EMERGENCY SPILLWAY

Two drill holes and sixteen test pi ts were completed in the emergency
spillway . Disturbed samp les were collected f rom both drill holes and
from six test pits.

The 209,000 cubic yards of mate r ia l  (g iac ia l  t i l l) in the emergency
spil lway is fine to medium sand with f rom 30 to 60 percent low plastic
clay. The mater ial  (glacial t i l l )  is dense, mo ist and easi l y excavated
wi th a backhoe. Scattered cobbles and a very few boulders were found
in test pits. Cobbles and small boulders are commo n and, in some area s ,
numerous on the surface and within a foot of the ground surface .

The glacial ti l l in the emergency sp i llway is virtuall y impe rmeable. A
perched water table was found within the upper few feet of soil where
root openings create a path for ground water movement. The quantity of
water in this zone is not large and is d i rect l y dependent upon frequent
rains .

No bedrock was found in two holes dri l led 16 and 30 fee t below the
bottom of the center line of the emergency sp i llway.

— BORROW AREAS

Bor row for the embankment w i l l  be taken entirely from the emergency
spillwa y and is discussed above under EMERGENCY SPILIWAY.

Genera l Description of Borrow USCS location Volume (c.y.)

Sand, fine to medium; 30 - 60%
low pastlc clay; scattered gravel SC Emergency 209,000
cobbles and boulders; dense, Spiilway
moist , glacial ti ll

( 
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RELIEF WELL EXPLORATION

Three drill holes were completed near the toe of the dam (SCS-316A and
3l6D , D-50i , 0-304, and 0-502). The permeable buried channel deposits
pass beneath the ri ght abutment just upstream of the toe of the dam
(SCS-3 l6B). -

Permeable sand was found at 20 feet and at 28 feet below the surface
in D 304. These deposits are water-bearing and act as drains for the
buried channel deposits which extends upstream beneath the pool area
and beneath the ri ght abutment. Samp les for use in relief wel l  design
were no t collected in this investi gation.

RI PRAP

Hard, dense and durable rock is available from the surface of the
emergency spillway in sizes rang ing from cobbles to boulders to 18
inch es in d iameter. Six to eight thousand cubic yards of riprap
are available on the surface and in fence rows in the emergency spillway.
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INTERPRETATIONS AND CONCLUSIONS

The site is located In a valley carved into granitic gneiss and partiall y
filled with glacial till, interg lacial sand, slit and clay, and Recent
alluvium.

The bedrock occurs at considerable depth beneath the unconsolidated
deposits and, except in part of the left abutmen t where seeps ori g inate
in the rock, has little influence upon the structure.

Deep bur i ed channel deposits are pe rmeable and scattered discontinuous
permeable zones occur within the generally very slowly permeable glacial
till.

The following conditions are conside red important to desi gn and construc-
tion : -

1. Buried channel depositc beneath the center section of the dam are
continuous up and down stream.

2. The princi pal buried channel beneath the center section of the dam
passes beneath the ri ght abutment just upstream of the po int of
intersection of the stream and the toe of the dam.

3. The highly variable nature of the buried channel deposits dictates
that samp les for relief-well screen and/or gravel pack des ign be
obtained from test wells at the site of the permanent relief wells.
Samp les will be difficult to obtain unless the artesian water leve l
in the channel depos its is f irst lowered below the ground surface.

4. Silt and clay layers beneath the center section of the dam and the
right abutment are dense and vary s lowly permeable.

5. With the exception of thin surficial alluv- iai depos its beneath the
flood plain the material beneath the structure is dense to very dense.

6. When a cutoff trench is constructed through the surf ic ial alluv ium
beneath the center line a careful inspection should be made of the
glacial t i l l  in the left abutmen t to detect and t reat pockets or
stringers of permeable material.

7. Unless treated during construction , the seeps in the base of the
abandoned sand pit wi l l  interfere with the placement of f i l  at
the base of the ri ght abutment.

8. The upper buried alluvial channel which passes through the ri ght
abutment is effectivel y blanketed naturally in the norma l pool
area but without a blanket seepage w i l l  take p lace throu9h the
abandoned sand p it and into the buried channel deposit.

Geologist
• REFERENCE: U .S.DEPARTI4ENT OF AGRICULTURE 
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ENGINEERS REPORT

OF

PROPOSED TREATMENTS

1. During the site investigation numerous f ield drains were located at
depths less than one foot. The entire area under the base of the
dam w i l l  be cleared, grubbed and stripped to a depth of one foot .
The stri pp ing wi ll cut off any field drains that mi ght run under
the embankment.

2. The right abutment has been subjected to borrowing operations which
have resulted in steep irregular slopes . On the right abutment where
the existing slope is greater than 3 to 1, it will be cut back to 3
to 1 under the embankment.

3. Ri ght abutment : seepage control

Two problems exist In the right abutment: (1) The sand pocket
shown on sheet 316 B and, (2) the buried channel running under
the right abutment , also shown on sheet 316 B.

The sand pocket has been exposed in the poo l area by past borrowing
operations. Due ~o the hi gh head and short seepage path together
with the fact that the limits of the pocket as shown on sheet 316 B
are not definite, it is believed that the use of a cut off is
desirable. (See Sheet 316 CE and 316 AE)

A check with the blanket aqu i fer method showed that the use of a
blanket alone was not sufficient to handle the problem ef seepage
through the sand pocket. However, a blanket is being placed over
the exposed borrow area since it prov ides a path for seepage to

-•  
the buried channel. (See sheets 316 B and 316 E for problems and
316 AE and 316 CE for Solution.) It Is also shown on sheet 316 E
that the buried channel has a natura l blanket (is pinched off) in
the pool a rea and, thereforç, no blanket is required on its upstream
end.

4. Vall ey Floo r : Recent Alluv ium
The Recent Alluvium wil l  be cut off as shown on sheet 316 CE and
316 CE.

5. Valley Floor: Deep Deposi ts
A check by the blanket aquifer method shows uplift pressures
to be si gnificant. The present thought is for the use of relief
wells to handle this problem. Since we were unable to obtain
samples of material into which the wells will be placed,

~~ ( 
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screen size and material gradations wi! l  have to be determined during
construction. location has also not been decided on. The wells w i l l
penetrate down into the interglacial fluvial deposits. Note on sheet
316 D on the section 150 feet downstream f rom the center line of dam
that these deposits tend to neck down and move under the right abutment.
Our belief is that this would be a good location to place the wells
but we would appreciate your comments. 

-

6. Embankment and Left Abutment: -

The Embankment w i l l  consist of a homogeneous fill. Al l  borrow
wi l l  be obta ined from the emergency sp iliway. Under these
conditions d o y ~y believe a chimney drain is desirable. The
Embankment drain wi l l  connect to the trench drain and w i l l  run
into both abutments. Investi gat ion in the left abutment showed

- 
- - pervious layers (see sheet 316 C and 316 E). These layers seem

to be discontinuous up and down stream. The drain wil l be run
up the left abutment to pick up any of this water which may move
through. See sheets 316 AE, 316 FE, and 316 GE.

Please comment on or provide the following:

1. Proposed method of handling foundation.

2. Recomended location and des ign of relief wel ls , and their
desirabil ity.

3. Estimate total seepage loss through site.

4. If complete cutoff becomes necessary, due to wa ter loss , what
method of cutoff would you recommend. (Note this is a recreation
site with a 53 acre lake.)

- ~ 5. Structura l Aspects of Site :
The side s lopes of 3:1 were proposed due to (1) The complex ity
of the sites foundation and , (2) the required emergency spi l iway
excavation provides us with an excess of fill material.

6. Design of Drain:
(a) Comment on depth and extent of trench drain
(b) Design of Drain Fill Material

The chimney drain wi l l be entirely in the borrow
material rom the emergency spilIway (Glacial Till).
The trench drain will pass through the Recent Alluvium
in the valley floor and predominately through glacial
till In the abutments.(See sheet 316 FE.) Since no
lenses of course material were located in the abutments
dur ing the ~it~ investlqation the .draio material w i l l( have to be des igned wi th the glacial till a s a  base.

REFERENCE: - U.S. DEPARTN (NT OF AGRICULTURE DRAWING NO.
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If during construction lenses of course material
a re encountered, the des ign of the drain f i l l
w i l l  have to be adjusted accordingly.

7. Numerous seeps exist a long the left abutment in the pool a rea . (See
sheet 316 B.) It is our belief that since the exist ing static head
is almost as high (see D-1 on sheet 316 C) as that which we are
going to produce by ponding water to the norma l pool elevation of
579.0, a blanket wi ll not be necessary. We wou ld appreciate your
comments on this.

CARL MONTANA
State Des ign Eng ineer
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( OPERATION AND M~3j~TENANCE AGREEMENT

STRUCTiJRAL MEASURES

TillS AOTtEEMENT made on 0 ~~~~~~\~~~rv ~~ø. j ’~r C 8  is between the
Soil Conservation Service, United States Depaftment of Agriculture,
hereinafter referred to as the Service, and the following organization(s),
hereinafte r referred to as the Sponsor:

Townsh i p of Oxford 
-

The Sponsor and the Service agree to carry out the plan on the attached
two pages for the operation and maintenance of structural measures in
th.

Furnace Brook -

Watershed Project, State of New Jersey -. The measures covered
by this agreement are identified as:
I. Flood prevention - -  recreation site on Furnace Brook approximately one

mile upstream from Oxford.
2. Basic recreation faci l i t ies.
3. 0.3 mile of Stream Channel Improvement extending from the D.1.&W. R a i l -

road north of Oxford to just downstream from the Wash ington Ave. br idge.
Name of Sponsor Townshi r , of Oxford

~~~~ / -  
- 

Title ,“ i
This-’action was âuthoi~’ized at an official meeting of the Sponsor named
imediat.e1~y above on / oJ 3o/ C at (,J ~~~~~ 

~~~ 
~~~~~~~ ~~~~ ‘~)-

Attest ~~~ - Title c~) c~ i-

Soil Conservation Service, United States Department of Agriculture

STATE CO~SERVATIO~ IST
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OPERATION AND MAIIJTENANCE PlAN 
-

OPERATIONS 
-

A. The sponsor will be responsible for ~~d will ;perate or bâve
operated without cost to the Service the structural measures
in compliance with any applicable Federal, State and local
laws, and in a manner that will assure that the structural
measures will serve the purpose for which installed as set
forth in the Work Plan. - 

- •. - •

B. The Service will , upon request of the Sponsor and to the extent
that its resources permit, provide consultativ~ assistance in
the operation of the structural measures.

11 NAINTEMAJJCE 
~~~~~~~~~~~

- . -•

. 

• 
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A The Sponsor -will: - 
— 

-.

1. Be responsible for and promptly perform or have performed
without cost to the Service except as provided in Para-
graph III , Establishment Period, all maintenance of the 

-

structural measures determined by either the Sponsor or
- -  

the Service to be needed. - • 
• - - • 

- •  -

2. 
• 

Obtain prior Service approval of all plans, designs and
specificati ons for maintenance work involving major repair.

B. The Service will, upon request of the Sponsor and to -the extent
that its resources will permit, provide consultative assistanoa
in the preparation of plans, designs and specifications for

- needed repair -of  the structural measures. - 
- 

-

III ESTABLISHMENT 
- 
PERIOD 

- 
- - -  - • - 

-. • • 

- -

• •
- - -

A. During an Establishment Period, as herein defined, the Service
will bear such part of the cost of any needed maj or repairs to

t - the structural measures, including associated vegetative work,
as is proportionate to the original construction costs borne
by the Service in the construction -of the structural measures
except that the Service will not bear any of the cost for:

-

. 1. Repairs 
- 

to channels or portions thereof which do iot hav~
-- pwnanent lining s such as concrete, riprap, or grouted

rock.

H 11
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III ESTABLISHMENT PERIOD (continued ) 
-

2. Repairs determined by the Service to have been occasioned
• by improper operation or maintenance, or both.

3. Repairs applicable to municipal or industria l water
- supply or to any other purpose for which construction -

• 

- 
- costs are not authoriied to be paid for in wbolè or

-
- in part with- funds appropriated to the Service. 

-

l&. Repairs ~hát are mutually determined by the Sponsor and
the Service as being items of normal maintenance rather
than major repair and are not therefore in keeping with• thi spirit and inteñt of the Establishment Period pro-
visions, * 

-

B. The Establishment Period for structural measures (exclusive
of any associated vegetative -work) is a period of three years
ending at midnight on the third anniversary of the date on
which the structural measure is accepted. - 

- - - - 
- - 

-

C. : The Establishment Period for vegetative wórk associated with
a structural measure is a period from date of acceptance of
the initi al vegetative - work to midnight of the -date on which

- the Service writes the Sponsor advising that an adequate veg-
etative cover has been obtained. However, this period shall
not exceed two growing seasons or the end of the Establishment

• • Period for the associated structura l measure whichever is greater
• in time, :-~~~

- - • - • •. .  :. - -

- D. • A~ used :j~ the two preceding paragraphs, and elsewhere in thu• Plan, the following words ‘bavi the meaninge described below:

ACCEPTED, ACCEPTANCE: The date structural or vegetative
measures are accepted from the contractor when a contract
is involved, or the date structural or vegetative measures

— - are completed to the satisfactIon of the Service when force
• 

- 

account operations are involved.
- ADEQUATE VEGETATIVE COVER: A minimum of-seventy perceüt (70%)

cover of the desirable species,- with no active ru ing that
cannot be controlled by the vegetation.

K. Major repair may involve such things as (1) repairing separated
joint s, cracks or breaks in the principal spillwiy, (2) correcting
seepage, (3) replacing significant backfill around structures

11 -
~~~~~~~~~~
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( III ESTABLISHMENT PERIOD (continued 2) - - 

-

resulting from najcr erosion damage, (14 ) major revegetation
due to failure to obtain an adequate vegetative cover, and
(5) restoring areas with significant erosion caused by unusual
flow (volume, recur’~ence or extended period of tiine) in emer-
gency spillways. - - 

- 
- 

-
~

P. No action with respect to needed repairs during the Establish-
ment Period will be taken by the Sponsor or the Service which-
would lessen or adversely affect any legal liability of any
contractor or his surety for payment of the cost of the repairs .

IV INSPECTIONS AND REPORTS

A. During the Establishment Period the Sponsor and the Service -

will jointly inspect the structural measures at least annually
- and after urnisually severe floods or the occurrence of any
other unusual condition that might adversely affect the struc-

- 
tiara], measures . It is desirable the annual inspections be

- 
performed during the month shown below, • Any supplemental

- inspections then, determined necessary will be scheduled and
agreed to at- that time. - 

- 

- - 

- • - -

• - - - • - - - - - MAY • -

(Month)

B. After the Establishment Period the structural measures will be
• • 

- inspected annually by the :Sponsor, preferably during the month
shown below, and after unusually severe floods or the occurrence
of any other unusual condition that might adversely affect the
structural measures. - - 

-
- • -~ -

MAY
(Month)

C. After the Establishment Period the Service may inspect the struc-
tural measures at any reasonable time.

D. A written report will be made of each inspection. The report of
• joint inspections will be prepared by the Sponsor with the assist-

ance of the Service • A copy of each report will be provided by
the party preparing the report to the other party within ten days
of th. date on which the inspection was made.
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V RECORI • • . • -

The Sponsor, will maii~tain in a - 

centralized location a record of all
inspectioni performed both individual ly and joint ly, by the Sponsor and
the Service, and of all significant actions taken by the Sponsor with
respect to operation and maintenance. The Service may. inspect these
records at any reasonable time. 

- -

VI GENERAL . - 
- • - • • • - 

:~~. -

A. The Sponsor will: - 

- - -

- 

- 

T - 

- -

• 1. Prohibit the installation of any structures or facilities
that will Interfere with the operation or maintenance of --

the structural - measures. - - 

- -

2. Obtain prior Service approval of the plans and specifications
fOr any alteration or irnprovernent~to the structural - measures.

3. Obtain prior S~rvi~ce approval of any agreement to be entered
into with other parties foz the operation or maintenance of
all or any part of the Structural measures, and provide the -
Service with a copy of the agreement after it has been signed
by the Sponsor and the other party.

B. Service personnel will be provided the right of free access to
the structural measures at any reasonable time for the purpose
of carrying out the terms of this plan.

C. 
- 
The responsibilities of the Sponsor undex~ this Plan are effective

- simultaneous ly with the~àcceptance of the works, of improvement in
-

• - Whole or in part. 
-

: 
•

• 

- . • 

- 

• - • - - 
- 

- -

VII SPECIAL PROVISIONS 
- - - -

-
‘ 

-

- •  U
- 4
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- ( Exhibit 2910

( \ -
PROPERTY MANAGEMENT STANDARDS

(Attachment to Operation and Maintenance Agreement )

The standards prescribed herein govern the utilization and disposition of property • -

furnished by SCS or acquired in whole or in par t with SCS—furnished funds by the
sponsors. Sponsors are responsible for observing the standards set forth herein.
Sponsors are authorized to use their own property management standards and proce-
dures as long as the provisions set forth herein are included.

1. Definitions -

(a) Real property. Real property means land, land improvements, structures
• and appurtenances thereto, excluding movable machinery and equipment.

(b) Personal property. Personal property means property of any kind except
real property. It may be tangible —— having physical existence, or in-tangible —— havIng no physical existence, such as patents, inventions,and copyrights.

Cc) Nonexpendab le personal property. Nonexpendable personal property means
tangible personal property having a useful life of more than one year and
an acquisition cost of $300 or more per unit. A sponsor may use its own
definition of nonexpendable personal property provided that such definition
would at least include all tangible personal property as defined above.

(d) Expendable personal property. Expendable personal property refers to all
tangible personal property other than nonexpendable property.

Ce) Excess property. Excess property means property under the control of any
federal-agency which, as determined by the head thereof, is no longer re—

- quired for its needs. -

- 2. Use of Real Property -

Sponsors shall use any real property acquired, partly or wholly with SCS finan—
cial assistance, as long as heeded for the purpose for which it was acquired and
in accordance with the O&M agreement.. When the real property is no longer

- - needed for the purpose of the SCS financial assistance, the sponsor shall obtain
SCS approval of its plans for future use or disposition. -

3. Use of Nonexpendable Personal Property

(a) Nonexpendable personal ‘property acquired with federal Z uM s  • When non—
expendable personal property ii acquired by a iponsor wholly or in part
with federal funds, title will not be taken by the federal government, but
shall be vested in the sponsor subject to the following restrictions on use
and disposition of the property:

L~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .
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Exhibit 2910

Page 2 of I~ pages , PROPERTY MANAGEMENT STANDARDS

( (1) The sponsor shall retain the property acquired with federal fundi in
the federally financially assisted program as long as there is a need
for the property to accomplish the purpose of the program whether or -

not the program continues to be supported by federal funds. When
there is no longer a need for the property to accomplish the purpose
of the federally financially assisted program’, the sponsor shall use
the property in connection with other federal grants it has received
in the following order of priority: 

- 
-

Ci) Other grants of the SCS needing the property. - -

(ii) Grants of other federal agencies needing the property.

(2) When the sponsor no longer has need for the property in any of its
federal grant programs, the property may be used for its own official
activities in -accordance with the following standards: 

-

Ci) Nonexpendable property with an acquisition cost of less than
$500 and used four years or more. The sponsor may use the
property for its own official activities without reimbursement
to SCS or sell the property and retain the proceeds~. -

(ii) All other nonexpendable property. The sponsor may retain the
property ror its own use provided that a fair compensation is
made to the SCS for the SCS share of the cost of the property.

- The amount of compensation shall be computed by applying the
percentage of SCS participation in the SCS financially assisted
undertaking to the current fair market value of the property.

(3) If the sporsor has no need for the property, disposition of the prop-
erty shall be made as follows:

(i) Nonexpendeble property with an acquisition cost of $1,000 or
less. Except for that property which meet8 the criteria of (2)
Ci) above, the sponsor shall sell the property and reimburse the
SCS an amount which is computed in accordance with the last para—
graph in (ii) below.

(ii) Nonexpendable property -with an acquisition cost of over $1,000.
The sponsor shall request disposition instructions from SCS.
The SCS shall determine whether the property can be used to meet
a SCS requirement. If no requirement exists within SCS, the -

availability of the property shall be reported to the General
Services Administration (GSA ) by the SCS to determine whether a

- 
requirement for the property exists in other federal agencies.
The SCS shall issue instructions to the sponsor within 120 days
and the following procedures shall govern: -

••

(
U 

-

- 

-
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ir the sponsor is instructed to ship the property elsewhere1,
the sponsor shall be reimbursed by the benefiting federal
agency with an amount which is computed by applying the perr
centage of the sponsor participation in the SCS financially,
assisted undertaking to the current fair market value of the
property, plus any shipping or interim storage costs incurred.

If the sponsor is instructed to otherwise dispose of the prop—

- 
erty, he shall be reimbursed by the SCS for such costs incurred
in its disposition. , --

If disposition instructions are not issued within 120 days after
reporting, the sponsor shall sell the property and reimburse the

~CS an amount which is computed by applying the percentage of
SCS participation in the undertaking to the sales proceeds.
Further, the sponsor shall be permitted to retain ~1O0 or 10
percent of the proceeds, whichever is greater for the sponsor’s
selling and handling expenses.

14. Other Requirements for Nonexpendable Personal Property - 
-

The sponsor’s property management standards for nonexoendable personal property
shall also include the following procedural requirements: -

(a) Property records shall be maintained accurately and provide for: a de-~scription of the property; manufacturer’s serial number or other identi~i—
cation number; acquisition date and cost; source of the property; percent-
age of federal funds used in the purchase of property; location, use, and
condition of the property; and ultimate disposition data including sales
price or the method used to determine current fair market value a~~ the 

-

sponsor reimburses SCS for its share. -

(b) A physical inventory of property shall be taken and the results reconciled
with the property records at least once every two years to verify the ex-
istence, current utilization, and continued need for the property.

Cc) A conti’ol system shall be in effect to insure adequate safeguards to pre—
vent loss, damage, or theft to the property. Any loss, damage, or theft
of nonexpendable property shall be -investigated and fully documented. -

(d) Adequate maintenance procedures shall be implemented to keep the property
in good condition. 

• - -
Ce ) Proper sales procedures shall be estab1ish~d for unneeded property which

would provide for competition to the extent practicable and result in the
highest possible return. 

• -

1: 

• : 
-

I
- - 

I -
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5. Expendable Personal Property -

When the total inventory value of any unused expendable personal property
exceeds $500 at the expiration of need for any federal grant purposes, the
sponsor nay retain the property or sell the property as long as it compensates
SCS for its share in the cost. The amount of compensation shall be computed
in accordance with 3(a)(2)(ii) above.

6. Intangible Personal Property -

(a) If any program pro8uces patents, patent rights, processes, or inventions,
in the course of work aided by a SCS financial assistance, such ract shall
be promptly and fully reported to SCS.. The SCS shall determine whether
protection on such invention or discovery shall ‘be sought and how the
rights in the invention or discovery-—including rights under any patent
issued thereon—shall be disposed of and administered in order to protect
the public interest consistent with “Government Patent Policy” (President ’s
Memorandum for Heads of Executive Departments and Agencies, August 23,
1971, and Statement of Government Patent Policy as printed in 36 F.R.
16889). 

- 

-

(b) Where the SCS financial assistance results in a book or other copyright-
able material , the sponsor is free to copyright the work, but SCS re-
serves a royalty—tree, nonexciusive and irrevocable l1ce.~se to reproduce,
publish, or otherwise use, and to authorize others to use the work for
government purposes. 

-

- 

• . .
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( Exhibit 2910 ii attached and p~ads a part of this agree ment . It contains
prescribed standards governin g the util ization and disposition of property fur-
nished by the Service or acquired in whole or in part with Service-furnished
funds.
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View of darn and outlet structure . 14 December 1978
Looking downstream.

—

I
Upstream slope and riprap . 14 December 1978

FURNACE BROOK W.S. DAM t2
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View along darn crest. 14 December 1978
Looking south.

i~~.1-i~~

View along dam crest. 14 December 1978
Looking north . Note ruts along
crest.

I
FURNACE BROOJ~ W.S. DAM $2
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Junction of darn and spiliway 14 December 1978
inlet channel.
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f

I Deteriorated riprap at 14 December 1978
north end of dam below( Buckley Ave.

j  
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Gate operators at top of 14 December 1978
drop inlet spillway .

Impact basin and discharge 14 December 1978
channel.
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Impact basin at end of principal 14 December 1978
spillway pipes

• • • •

* Crest of auxiliary spiliway . 14 December 1978
Looking south .

FURNACE BROOK W.S. DAM 12 
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Auxiliary spiliway. Looking 14 December 1978
downstream.

_ 1L ~~~~~~~~~~~~~~~~~~~~~~~ 
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-
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L
Left side of auxiliary spillway . 14 December 1978

(~
)

FURNACE BROOK W .S.  DAM #2
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Animal burrow hole in downstream 14 December 1978
slope of darn .

I

:r~~i

Drainage ruts along downstream 14 December 1978
(_ to. of darn.
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HY DROLOGIC DESIGN

FLOOD ROU~I~1G OUTPUT

FURNACE BROOK W.S. DAM 2
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• EME~ . SPW._ D E S I G N _R O UII* 4G .  
____ _______

FU~ ’4A CE BROOK S I T E  ~4U’~BE~ 2 NEW JERSEY 
____ 

CJM 9—68

_ _  _ _ _  _ _ _  
230. 

_ _ _  _ _ _

TIME INFLOW AVE IN OUTFLOW ELEV.
0.25 0. 0. 0. 578.99

— 
0.50 0. 0. 0. 578.99 

— —6 ’r5 0. 0. 0. 578.99 
1.00 0. 0. 0. 578.99
1.25 2. 1. 0. 579.00

— 
1.50 22. 12. 0. 579.00
1.75 96. 59. 0. 579.03

____  - 
2 .00 291. 193. 0. 579.11

808. 549. 2. 579.35 
2.50 2008. 1408. 10. 579.94 _________

2.75 3591. 2800. 27. 580.92
3.00 4676. 4133. 103. 582.37 -_________

4815. 4745. 133. 583.94 
3.50 4323. 4571. 135. 595.46 _________
3.75 372I ~. ‘p 025. 131. 586.87

-— 
4.00 323Q. 3475. 1146. 587.90
4.25 2864~. 3047. 2158. 588.40

_____ 
4.50 2552 ’. 2708. 2451. 588.55~~~ 

- 
____

P~~AK 4.75 2242. 2397. 2422. 588.54 -

5.00 1974. 2108. 2255.  599.45
• ~~~c —  fTh�. 1818. 20~~~~~~~~ T88.3
•__—~~ 5.50 1658. 1720. 1876. 588.26 

_______

5.75 1577. 1618. 1739. 588.19 ~
6.00 1496. 1537. 1631. ,88.14 U~~f~ ’ui 1/

1419. 1518. 588.08 N

- -  
_ 6.50 1082. 

- 
1212. 1356. 588.00 J .j ____

67t5 /75. 9’�9. iT~~.7.00 509. 642. 982. 587.74 5*”.
329. 61~~. 809. S8T~ 7

7.50 210. 269. 643. 587.40 
- •  -~~~~~

l i-I . 17b. 4~98. S f 2 ~ • ‘I
_____— 

8.00 • 81. 106. 378 .  587.13
5b. 66. 782~ ~

—5-~ . a8.50 30. 40. 238. 586.97
~~18. 24. 153. . 586.91

9.00 10. 14. 137. 586.86
4. 7. ~~~TI7 586~ $

— 
9.50 1. 3. _13?. 586.77 

____p. a. 1~1.10.00 0. 0. 13?. 586.67

_____
VOL UME CHEC K AT HP IS 0.08 PERCENT.

— — 

CORFUTED HP I • 6~ 
—
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• F R C ~~BOAR D ROUTING.

FU RN A CE_ BROOK SITE NUMBER 2 NEW JERSEY CJM 9—68 
_____

- ~ ~
77o,n, ~j .diI ~~~~~~~~~~~~~~~~~ 1 230 .  - —

TIME INFLOW AVE IN OUTFLOW ELEV.
0.25 0. 0. 0. 578.99
0.50 O~~~~ 0. 0. 579.OO _
0~75 10. 5. 0. 579.00- 1.00 67. 39. 0. 579.01
1.25 262. 165. 0. 579.09
1.50 702. 482. 2. 579.29 

—~~~~~~

1.75 - 1399. 1050. 7. 579.75
2.O0 2462. 1930. 19. 580.45
2’~�~ 4~.84~ ~~~~ 54. 5&ITh6 
2.50 8454. 6469..  133.  583 .86  —2.75 13158. 10806. • 768. 587.52

________   
3.00 15888. 14523. 8195. 590.28 

—157441. 13432. ~91.40
— 

_ 3.50 13544. 14572,. 
— 

14363. 591.57 
____3:m 1T~40. 1~~442. 1~1~5. ,9T.~ 9

-. 4.00 9607. 10474. 10926. 590.95
4.25 8331. 8969. 9694. 590.66

• 4.50 7288. 7810. 8560. 590.37 S

__________  

•  6547. 589.87 ~ tiL4LJ 

—

- — 

58~ i 5 i~~~~~~~~~~ 
• —

5.50 4523. 4714. 5210. 589.49
5.75 4265. 4394. 4763. 589.36

— 6.00 4020. 4143. 4424. 589.26
6.25 3592. 3806. 4086. 589.16
6.50 2890. 3241. 362 3 .  589.03

• 6 5  2~~ 7. 2~~~8. 29öO. 588.7 ~ ___
-— 

7.00 1357. 1712. 226?. 588.46 C~~+”..877. 1117. 1655. 588.15
___________ 7.50 559. 718.  1156. 587.90

i ic  350. 453~ 933. 587.6
8.00 217. 284. • 734. 587.49

1~4. f73.
~ 5i�. 58

- 6.50 82. 108. 423. 587.18
6.75 48. 65. 31~~~~~~~ 587.07 a

- 
________ 9.00 26. 37. 228. ,86.99

19. 164. 586.9
________________  

9.50 4. 8. 137. 586.87 
_____

2. r3T~ 5 .
10.00 0. 0. 137. 586.?7

/~
l a I4~~t4f~~_I

VOLUME CHECK AT HP IS 0.58 PERCENT. ___________
COMPUTED HP 4.6U
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